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Applied Chemistry
in STEM Education

“Placing chemistry into a real-world context”

www.sino-exchange.org 1 Presenter: Scott A. Campbell

Welcome to this presentation of Chemistry | 3XiBULE STEM (L BEEE . FEAR K E
in STEM. In this presentation we will look at | th | (IR STEM HE S S TR
different ways to solve real-world problems T o458 8] SR B R[5 7 3%

in the context of STEM education.
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Agenda

* Drawing on personal / professional experience;

* Understanding the STEM educational framework;

* Real-world examples of chemistry in use:
* Introduction to water analysis;
* The chemistry of photography;
* Precious metal recovery.

www.sino-exchange.org Presenter: Scott A. Campbell
So, let me quickly review what we are going | ElItt,, iEFREEF— TS KEGH
to cover in today’s presentations. MR,

First, | would like to share with yousome of | w4 i 5 A KNS HRAETWR T
my personal experiences from when | was R —EeN A2, BosF X2 R

working in industry, and | will use these e SE T SASIIs S R R SR SATE

experiences as foundation for designing A L2 g T T b
chemistry labs that would place scientific R ETESMISIED.

theory into an appropriate real-world
context.

R, HBERKHTAZ STEM, FEHES
STEM BHEMEXAR, S2BAREZHE
Second, | would like to talk a little bit about | 2%

what STEM as is always a lot of confusion

surrounding the true nature of STEM ETk, HREAR—EELHAHFEH
education. BB, R IXARIRITREIEAL

SR, KT
Next, | would like to give you some real- o WMIEREREMZEILETRAAN
world examples of chemistry in use that EARRE BT R KA

you can use to design authentic chemistry - o
labs with. These examples will include: o ERFPEANY, X2URZXR

e How to conduct a water analysis using IMRERS TR, TUEEERZARE
the same methods as a health and FIRY B AR F AR FE ST AR
safety lab technician uses. o &fE, BANWTMEBFIIRFELIE

e The use of chemistry in photography, SEEERE,

and this is a great way to create cross-
circular lessons that will create rigorous
academic learning outcomes while also
including the arts.

e And finally, how we can recover precious
metals such as gold from e-waste.
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Moreover, this chemistry lab would also | e k9N, X NELZFESLIS = IiRE 4 —Ee4

lay the foundation for some excellent FHELRPETEM, XEEHtE
philosophical debates that range from FERATHNIRE . HaME T
the environmental, social, and economic !

impacts of our actions!
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Big Idea #1

Drawing On Experience!

One of the best ways to design and build authentic projects and
curricula is to draw on lessons that you have learned from either
personal or professional experiences in the field of science.

www.sino-exchange.org

Let's start with Big Idea #1
Drawing On Experience!

One of the best ways to design and build
authentic projects and curricula is to draw
on lessons that you have learnt from either
personal or professional experiences.
Therefore, | would like to share with you
some examples of how my experiences
from working in industry have provided me
with some invaluable insights into how
chemistry can be applied to everyday
problems, and | am going to show you how
we can use that knowledge to create
authentic learning opportunities that
uphold the ideology of STEM education.

Presenter: Scott A. Campbell
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%2 Chemistry In STEM Education

:&i PHOTO & IMAGING 2
NEIHAIRSAD| XY=

.
]
]

=
o =
=8 =a
= oo
LR
a8 o
o
G

WO 2002149623 A1 IR N0R NI MR

US Patent # 9398285 & 0071246 Al World Intellectual Property Organization # WO 2012 149623 Al

www.sino-exchange.org 4 Presenter: Scott A. Campbell

| started my first company in 2002, and by | F7F 2002 6 THRHNE—FK A S, F
2005 my company was officially operating 2005 £, BAASIERIUBFHF S5
with a federal TAX ID. Now my company EONAE, BREOCVE—F/NBERAE
s s conalaney U0k 0%, SRR THETA. 7

' " | J&, 7E2010 fF£, FfE 30 pRERTTE
in 2010 my work in 3D imaging ’ b e i 7 .

N < == I i EI

technologies took me to Korea, and by 2012 E/],—ET/BH?& m ij%ﬂf ] 221? i ;fj(
| had patented the world’s first 3D Reflex RIS T I LE— 30 REBBETRRA

Micro-Lens technology. &R

Now if you are interested in this work, you | ZARIRXITIXIN T (e, R0 DAKERY
can always review the patents shouldyou | &FEEF], RERE T EHNNSER

like. | have the appropriate reference =S, A, YN HFEAHE, FE 3D K
numbers up on the screen. However, BAEN T ERASIDREN—LLH R

unknown to me at the time, my workin 3D | 2248 5 OAIE
imaging would eventually take me into
some interesting and unexpected markets.
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%2 Chemistry In

TITANIUM DIOXIDE

‘

www.sino-exchange.org

STEM Education

< 5ppb Pb
(Lead)

Cosmetics

5

H

> 5ppb Pb

(Lead)

Industrial Use

Presenter: Scott A. Campbell

Although | would have even though it
possible, my work in 3D imaging brought
me into the realm of cosmetics. Yes... you
heard me right. My work in 3D imaging
brought me into the world of cosmetics!
Although these two things seam completely
different from one another, yet the
company that | was consulting for had
numerous business operations that
involved a single supply chain.

This supply chain started with importing
raw materials, mostly from China, but also
from America, Japan, and Germany. Many
of the materials that were being imported
included compounds such as: Titanium
Dioxide, Tin Oxide, Ferric Oxide which were
then further refined and resold, but the first
thing that we always did was to test the
quality of the raw materials. If the raw
materials did not contain lead, then the raw
materials could be used in the production
of cosmetic. However, if the lead content
exceeded a certain threshold, then the
materials would be diverted to industrial
applications. These applications included
automatic paints and the development of
electronics. Therefore, these raw materials
might be used to create cosmetic or
electronic products, and that was how my

REFRBVIXZTHER, T 3D iR
THBNIELRHENT RS, 2
Y- R Ur3h. B7E 3D BRI AR TIE
IERHNT R BAER! BRXEH
SEEXTEAE, BRAEEAF]

HHZUFIEE, SREB—HY
B,

XMV EEMHORMEIR, 2L
MPE#HAO, BtMEE. BARMNEE
O WEHONMREE LR,

1. EUHFUED IEXEY
M E ot — RGNS BRI
F—MHEIENXRMENRE. MR
RIS, BAZERET AT L
miyE, Af, WREFEBI—E
AIEME, AL HEESE T
MRS, XENASEEEHETET
FRFR. B, XEFEMRT R
FRGBIERBIE T, XEEH
# 3D R R 7T E B TR T ALk
m it 5T,
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WREBEIT: STEM HE LI FHF

work in 3D imaging brought me into the
world of cosmetics.
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%2 Chemistry In STEM Education

TiO,

Fe,0;

SnoO,

NATURAL MICA is a group of naturally occurring minerals, whereas
SYNTHETIC MICA aims to replicate the effect and appearance of
natural mica compounds, whilst eliminating the negative or toxic
minerals that can be found in some naturally occurring minerals.

www.sino-exchange.org

Presenter: Scott A. Campbell

Now this aspect of my work gave me an
amazing opportunity to learn something
that was completely new to me, and | can
now use these experiences when designing
projects that apply chemistry in authentic
ways to solve authentic real-world
problems. Now | can’t go through
everything that we did but | do want to
focus on a few key compounds to illustrate
how real-life experiences can be invaluable
to developing authentic STEM lessons.
However, the three most important
compounds that we used were: Titanium
Dioxide, Tin Oxide, Ferric Oxide and Mica.

ME, BIENX—FTESTHE MR
FH S EF I —ENHRIFETEE/E
BIZRT, FRINFE O] IR X Le 4208 3R %
TTIE, BEXNARRALERER
ELHUL @B, RERFE—NB
FMAA—1), BFREILESBEIL
MNe@ENEE, DUKBBI S A E T
NEBNFLXEILERN STEM IREZEZAE
. A, RMNEAN=AREENL
B sk, |45, |hEM

=t
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%2 Chemistry In STEM Education

Crystal White Series

* Synthetic Mica + TiO, Titanium Dioxide High-sheen powder

* Synthetic Mica + SnO, Tin Oxide

Iron Metal Series

* Natural Mica + Fe,0, Ferric Oxide (lron) Adds red tone

Premium Series
* Natural Mica TiO, Plus SnO,
* Natural Mica TiO,, SnO, and Fe,0,

* Calcium Sodium Borosilicate CaNaSiBr, Diamond Series

www.sino-exchange.org

7

Adds some warmth

Silver White Series
Gold Luster Series

Presenter: Scott A. Campbell

Using these compounds, we created
different compositions that were used by a
wide variety of cosmetic and industrial
applications. Although we had hundreds of
combinations, here is a brief overview of
some of the most important ones.

Our Crystal White Series included a high-
sheen pigment that utilized Titanium
Dioxide, and a secondary formulation which
used Tin Oxide to create a pigment that had
a slightly warmer colour tone.

Next, the most popular pigment from our
Iron Metal Series used Aluminum
Potassium Silicate (AlKOgSi2), which is also
known as natural mica. The natural mica
was then mixed with ferric oxide to
produce a soft lustrous compound that had
reddish tone to it. Due to the unique nature
of this composition, the pigment was used
extensively in the production of cosmetic
products such as blush.

And finally, our premium series used
natural mica in combination with other
compounds that we have already discussed.

EAXLELEY, RMNEET ARNEA
&, BTEMkaMIVEH. R
RBNBHEMAS, EXEHEMR

TERBEENAES

ﬁﬁ%%%&%ﬂ@%ﬁ%iﬁkﬁﬁ
SEREL, UREREAHHKE
77, uwﬁﬂﬁﬁﬁ/%@ﬁMﬁﬂ

ETXR, BAINSKESERY PRIV

FIERMER 7T EER R (AIKO6SI2),

BWIRARAREE. REBRAZHEER

VSRS, FE—FhEK. EHF. B

L B EY . BTSSR

MR, XMERSTZRTE~ELR
YNRRLT

BNBRRIERRAZ M
&ME%ﬁ%T%E%%é%%ﬁé
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%2 Chemistry In STEM Education

Titanium Dioxide TiO,

* Titanium Dioxide has a high reflective index resulting in a brilliant
white pigment often referred to as a “perfect white” and will be used
in cosmetics, sunscreens, and even toothpaste formulations.

* Its high refractive index and UV resilience is also beneficial for a

variety of applications as harmful UV rays are absorbed and

converted into heat energy.

Sunscreens designed for infants or for individuals with sensitive skin
are typically based on Titanium Dioxide or Zinc Oxide.

www.sino-exchange.org

Presenter: Scott A. Campbell

So, as you might have notice from the
previous slide, titanium dioxide was a key
component in the creation of many of the
most popular product offerings.

Now titanium dioxide has a high reflective
index... and this results in a brilliant white
pigment that is often referred to as a
“perfect white”. Some of the applications of
titanium dioxide include cosmetics,
sunscreen, and even toothpaste. Moreover,
most sunscreens that are designed for
infants or for individuals with sensitive skin
are usually based on a titanium dioxide
formulation due to its high refractive index
and UV resilience.

P, IENfEAE Z BIRSZIKT A ol g
LIREN, —HURZUETFERX
IS SVt-Tol: RS 930 i

—EUHKBRBHRSIEH, R
THEBHEEEE, BEERL S
£EE, SR LN REELK
%, GWE EEFE. Kb ASH
0B RHBAE Y REEEET
“EfkskET, BHTEEBFHERN
s SN B
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%2 Chemistry In STEM Education

Talc H,Mg;(Si0;),

* Has a low luster appearance and ranges from translucent to opaque.

* When used in baby powders talc offers astringent characteristics
(a chemical compound that tends to shrink or constrain body tissue)

which helps to reduce rashes.

* Talc is not water soluble, but it can dissolve in dilute mineral acids.

www.sino-exchange.org

Presenter: Scott A. Campbell

The next compound | walk to talk about is
talc, which is more commonly referred to as
“baby powder”. Talc has a low luster
appearance that ranges from translucent to
opaque. On its own talc is greasy to the
touch and has a whitish grey colour. It is
often used in cosmetics and baby powders
as it has astringent characteristics which
helps to reduce rashes. However, talc can
be a bit tricky to work with as it is not water
soluble; however, it can be dissolved in
dilute mineral acids.

BHEHNT—MUEMI RGN, TR
FWIRABILKREH . BEMEFNE
1B REIANE R RCEINL. BRMA
SEEXRRHR, EARKE. EEER
ATkaiB2ILRS M, BAER
BRSENET, BPTRIEZS. &
i, BEMAECHPIER/RT, E
AERRKAEMN, B, eUSHRE
MHRER AR F
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%2 Chemistry In STEM Education

Sericite (Natural Mica) Aluminum Potassium Silicate AIKO,Si,

* Untreated natural mica produces a low luster pigment. It is good for

use in lighter colored foundations.

* Treated with dimehicone (SiO(CH;),) , natural mica will have a higher
luster value and improved water resistance. Higher reflectance makes
this variant unflattering for older individuals; however, it does help to
absorb oils, so colours stay truer for a longer period of time.

* Treated with magnesium myristate (C,;H;,MgO,), which does not
absorb oil, natural mica will create a compound that is well suited for
dry skin types and is ideally suited for decorative cosmetics; However,
this composition is unsuitable for individuals with oily skin as the oils

will cause the colours to fade.

www.sino-exchange.org

Presenter: Scott A. Campbell

And finally, | would also like to talk about
sericite which is also known as natural
mica. While there are many different types
of natural mica compounds that are
available on the market, we used
Aluminum Potassium Silicate (AIKOeSi>)

Untreated, natural mica produces a low
luster pigment which does not absorb oils;
therefore, colours may fade if an
individual's skin is very oily.

It’s good for use in lighter colored
foundations and can be used in
concentrations as high as 100%. When
treated with dimehicone, (a non-toxic
silicone-based polymer) natural mica will
have a higher luster value and improved
water resistance. However, higher
reflectance values means that lines will
become more noticeable due to higher
contrast values. As a result, this formulation
is often very unflattering for older
individuals; however, this formulation does
help to absorb oils, so colours stay truer for
a longer.

When treated with magnesium myristate
(which doesn’t absorb oil), the formulation
will create a compound that is well suited
for dry skin types as well as darker

KE, BEBRRETE, SHERA
RAZE. BRTH EETFEZAEXE
MARAZEUEY, EBRAMNEM TR
§85H (AIKO6Si2)

KEBEBHNRARZHS=E—FIARRIL
SRR SR, Ak, MR—1TA
MERRIEE R, BeTEsiBe,
CEATHERXNMIE, TERRE
51k 100%, YHA_FEAER (—FLS
NEEREY) LERE, RAZBEE
EESHIFEMNEFHMKME, &
M, BENRFREEKERTESH
MILEE, %BTEEMRE. &
I, XFFRANEZEARRBERIES
AITAEWRA;, A, XMEAHLE
B FIRBGHAE, FrIABIBRIFEEA,

HAAZERE (FREBUME) 2432
B, ZEETEFE—MEFTEES TR
IRAREHMRNLEN. BACENT
NERIESD, ReTWEN FE
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foundation colours. Because of it increased

adhesion to skin, improved wear resistance,

and its high binding power... this
formulation is ideal for decorative
cosmetics. However, this composition is
unsuitable for individuals with oily skin.

Now without revealing to many trade
secrets, we would also apply a silicon
coating to many of the product that were
destined for use in cosmetics. This silicon
coating would add hydrophobic
characteristics to the various compounds.
This silicon coating would be applied as a
liquid mist as the pigment were being
mixed and this process happened slowly to
insure evenness and constancy. Finally, a
small amount of heat was applied during
the mixing process to evaporate the solvent
which helped to ensure that the mixing
process didn’t produce clumps. The whole
process would take about 30 minutes per
batch and used an alcohol-based solvent.

AAEReHEN - XMET2EIGL

TR, AT, XFASHT
B AR RREA
ERHE R LR g

AW EZHTHRRONT R LR E—RE
RE. XMEREREMETUEYH
BKFM . EERERSRIEES, X
HRESBREZE R L, XN
BHTERE, URERHSUENEE
. &F, AREIETEMOELRE

%%Z‘Z/ﬁ Lﬁﬁj]:_':ﬁﬁ{%/tt =) J:J-_%EZ—
zﬂilﬂo MIEE kﬁ =% 30

/\@:F ﬁﬂ'{ﬁﬁﬁ E/]E/@*EJ /ﬁ
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Making Cosmetics In Class

Making lipstick in class can be a fun way to teach students
how to use lab equipment while also applying basic chemistry skills
to create a real-world product that they can actually use.

Moreover, it’s also great way to inspire young girls / women that STEM
is just as much for them as it is for the boys!

www.sino-exchange.org 1 Presenter: Scott A. Campbell
Now why did I tell you all about my KA AZSERREM RS HFNE
unexpected foray into the world of SMRZENR?
cosmetics?

o TRE OS2 —Fhib 4%
Well making lipsticks in class can be a fun AERLREEENE RO TR, It
way to get Student to Iearn hOW to use Iab 9[\ ?EEFH%Z’KE@{{%?&%E;E/E\,U%_
equipment. Moreover, it also applies basic N - ’ N
chemistry skills to create a real-world ji‘&"aﬂl”{;ﬁ'ﬂgﬁﬁ ?ﬁfﬂ%ﬁﬁﬂ’\]f‘
product that the students can actually use, | A% 1—EEgEI‘JE% ﬁ-\m,f,%ﬁﬁbﬁé’aﬁ
but more importantly, it’s also great way to BAMERY STEM A BB 705
inspire more young women to get
interested in STEM education.
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%2 Chemistry In STEM Education
Base Lipstick Recipe [! l [! l

* Beeswax pellets [! ‘ :
* Shea butter or cocoa butter u ! l
* Coconut oil u l [l ‘

To Add Colour (Organically) : ‘*w
l &
* beet root powder (Red) %

* Cocoa powder or cinnamon (Brown) \

NOTE: keep in mind that these materials will melt quickly as they have a low melting point.

www.sino-exchange.org 12 Presenter: Scott A. Campbell
While your students are not going to be RN EEE T EERTRZ T
able to mass-produce cosmetic products NSt EE ks, BEEski,
using the compounds that | discussed BTG T E T I B R e s
earlier. Specifically, as they will not be able K. R nuﬁk*ﬁﬁﬁ Tl
to conduct the necessary quality control N

iy y quatty By, BILBRTT RIS O B AL i A A

requirements to ensure that the final
product is safe for human use it’s still

possible to simulate the big ideas by
STAN 2
creating organic approximations that would FERERXMIF R ABERHOLT,

accurately simulate a real product. BREEMNDATREIEMLR =R
BE, XK EXMERNLAFRFEN—D
While exact chemistry will not be needed in | IRIFEINITIE . PRI, 1EF kAT —
this example, students would still need to | N{RE aN1a] FI{R A9 4 — RS R 2 A b
practice various lab skills which would make LEOOR. BEEN—YIEREIX BT
this kind of activity a great point-of-entry He B,

project for middle-school students. So let . NEGREEHME—ESE— N

me explain how you could make lipstick s P . e
quickly and easily with your students. B R LG, FLARIMA

LR S an A AR LMZFEE’I‘%TW( clly=

Everything that you will need is currently B EEREAZEAEER
listed or shown here. R Eib, sIFEERZEERKE
e Now the first thing that you will need to (FK, mARFK).
do is melt beeswax, shea butter and o IETk, —HpfbIHERES, BRE
some coconut oil in a glass beaker, but MEVEFREE, FRINERFFENS
make sure you do not use a direct heat Lk sk i@ N,

source. Therefore, it is best to immerse
the beaker it hot water (hot, not boiling
water).

¢ Next once melted and mixed, remove
the mixture from the heat source and
add any desired scents or color
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additives.

e Then, once all the ingredients are mixed,
pour the mixture into the lip chap
container. Be sure not to fill the mold all
the way to the top as the lipstick will
expand slightly as it cools.

While you can use in-expensive silicon
molds, you may also consider using
professional grade stainless steel molds,
just like what we would use to create pre-
production testers in the lab. Either way,
with minimal pre-requisites you and your
students can apply chemistry in an
authentic way to create a real-world
product in about one hour, and this kind of
activity should really help to get some of
the young women in your class just a little
bit more interested in the sciences.

o KA, HFFBERPERR, KEEY
BINBERASET. VIEAEEOLE

HIEHIERR, FA DL ARSI
K o

BARITUFEASROFER, BR
A IUEEFERTVRAFNER, MK
BMNAEXLREFRHTCIEME =R —
M. NEEME, ERNLEXHT,
RIMRAVZ AT U A—FAESSA TR
MAZE, FERXRA—NNEREE—D
HEXM~ M. XMESNIZENE YT
IERIE E Y — iR T MR RY
N
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Big Idea #2

What Is STEM?

Understanding the true nature of STEM education.

www.sino-exchange.org

That brings us to Big Idea #2, which is
improve our understanding of the true
nature of STEM education.

So, you’re probably thinking, what other
experiments can | do in my classes that will
apply chemistry into a variety of real-world
contexts? And this is what STEM is all
about. Using Science, Technology,
Engineering and Math skills in an authentic
context through a variety of real-world
lessons, but there is so much confusion
around STEM education now a days! So, it is
important that we take a moment to
develop a common understanding of STEM
education.

ETRELIT: STEM KB FHH F 2

Presenter: Scott A. Campbell

XELSIH TEZAARIEE, BRSIEAN]
Xt STEM B ARV IERE .

FrlL, {ROTRETERE, FRTEIRE LIREEM
HAHMSEE, 2N AR SMIE
REREL? X2 STEM B X7, @
WEMPLHRNRRE EEINETS
TMERRZE. A, TEMESREE,

{BILFE STEM HEBAZHIEE! AL,
BMNELEL S EE %t STEM BBt

THo
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%2 Chemistry In STEM Education

It’s widely accepted that the acronym STEM stands for:
“science, technology, engineering and mathematics.”

evaluaton

~ synthesis

application
understanding
knowledge
www.sino-exchange.org 14 Presenter: Scott A. Campbell
It’s widely accepted that STEM stands for: AMTERIN A STEM RFRIZE . A,
“science, technology, engineering and TEME=E
mathematics.”

ELFENAEMETAZ STEM, {EES
It seems that everybody knows what STEM STEM & EA74 = NG 1R 2 FF A5

is, but there’s still a lot of confusion and ' N
. : ) EM. FrPULEBERAMR—T.
uncertainty surrounding STEM and all its

derivatives. So let me delve into this a bit
more.

MERBRZHATNEREBIHD
Kk, BXFRLERAMENARTE—
Now | think most people are aware of mEWHT D RXEN AR E R BLDIA
Blooms taxonomy, but for those of you who | FIZKFRK., FEMIRGTEE/M

don’t — Blooms taxonomy is a classification | 77, ¥ EXEBFRAINIEMRE, 1Y

of the different levels of thinking or IAFFE N BAFEANFrEER, &L HB
cognition. Where knowledge is at the A ERIECEETRENER —
bottom, and as we develop our ARG E— G EENE

t i tart lyi hat o \
understandings, we can start applying wha B EEETREE, FEN AL

we know and eventually start synthesising .
/B E/ /I\
and evaluating the results of our own B AZ STEM, (BRIDHAER STEM

thought process -- and | think that this is an BRREAR EABELHES K
important thing for us to stop and think MFE IR R Z B HRABIX A
about. Everybody seems to have
knowledge of what STEM is, but very few | JL7E, HATESE STEM HERIREL, ZHF
people understand the true nature of SEIHZIEZRIR Y T iF S HRE-

STEM education, and we as educators we
know that there is a big difference between
knowledge and understanding.

Now because of the confusion surrounding
STEM education there has been numerous
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criticisms made of the framework over the
years...
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There is a lot of confusion surrounding STEM education as there no
common perception or language of what STEM is anymore due to the
development of numerous STEM derivatives such as:

* STEM

* STEAM

* STEMS

* STEMMA

* eSTEM + eSTEAM

“countries with high English proficiency are more innovative
as they have access to a wider breadth of current research
material from the global community” (Tran, 2015).

* STREAM (adds “reading” or “research” and “arts”)
* STEMM founded by Dr. Steve Meyer, & Rev. Jon Gerdts

Tran, M., 2015. Countries with High English Proficiency Are More Innovative. [Online]
Available at: https://hbr.org/2015/11/countries-with-high-english-proficiency-are-more-innovative Page 1 of 6 [Accessed 5 2020].

www.sino-exchange.org

Presenter: Scott A. Campbell

While these criticisms are valid. They only
identified a problem without
understanding what caused the problem in
the first place, and this criticism resulted in
a numberer of STEM derivatives which have
only created more confusion for educators
and administrators alike! So, let’s look at
some of these acronyms.

e We have STEM.

e And we also have STEAM which adds
creativity through the arts.

e But we also have STEMS which
recognizes the importance Social
Sciences by adding the S at the end of
the acronym.

e STEMMA adds Managerial Arts and was
first proposed by Harvard University.

e Next, we have eSTEAM which recognizes
the importance of developing English
literacy development, and this idea of
including an ESL curriculum into the
STEM framework is important for none-
English speaking countries so that
students can access a wider range of
research materials which will help them
become more innovative.

e Which leads us to another derivate
know as STREAM with adds reading or
research.

BAXEHITZIEFN. REIRT
—/Nal@, mMAT BSREENEA,
XFHESETIFSL STEM £74 M, XX
SUEH BT EENEEETXESNE
X! BA, IEBMNKEBEEEFH—LYE
513,

o IR{1H STEM,
. ?tﬂ]ﬂ_\’ﬁSTEAM Tl
eE A,

. @?ﬂiﬂ‘]ﬂyﬁ STEMS, EENEHFE
TBEHRERN S KINRFH SR =
HEEM.

o STEMMAEIMTEEZAR, RFHWE
PR,

IZAEINT

o T, ?&ﬂ]’ﬁ eSTEAM, EIAIRE!
ERIOBEEERNNEZM, ¥ ESL

RBREMAN STEM TEZRAAREXS JE IR
ERRIGBERE, XHEFERT IR
BEZOWRME, XEEBTMH
ﬂ] BEECIFM.

o XFES|H T A— L7418 STREAM,
RN B N 53522 A 5T 84 STREAM,
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e And finally, we have STEMM with a
double M which was created by Dr.
Steve Meyer and Revant Jon Gerdts who
add the values of Christin Missionary to
the the mandate of STEM education.
While slightly religious in nature, this
idea does tie in with the
recommendations that the World
Economic Form had made about
considering the social aspects of what
we do, but it does it from a religious
standpoint.

However, this idea also aligns with the
Chinese interpretation of STEM, which they
refer to as STEM + [su zhi jiao yu], or moral
education which addresses this need from a
more secular standpoint.

e & EMNE—ITHEIMH
STEMM, E Steve Meyer &+
Revant Jon Gerdts €l|3E, f{TEEE
BER LN EWRINE STEM HE
HESH. BERXNMMEARLEER
SHEY, TEMNFENAERA
K, EEHL5 (HERLFER) 12
HRXTEERMNITANMS T ER
BWAEYE.

R, X—EEHHFEFREAIS STEM B
fBFE, M 1FR=Z 4 STEM+[stzhijido ya] -
SMNEH RN AERRX—F KA EE
HE.
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“STEM education is an interdisciplinary approach to

learning where rigorous academic concepts are coupled with

real-world lessons as students apply science, technology,
engineering, and mathematics in contexts that make

connections between school, community, work, and the global
enterprise enabling the development of STEM literacy and
with it the ability to compete in the new economy.”

~National Science Teachers Association (NSTA)

www.sino-exchange.org

Presenter: Scott A. Campbell

So, this definition of STEM education
upholds the original ideology that Judith
Ramaley had for STEM when she
introduced the concept back in 2001. Let’s
take a moment to read through this
definition together...

“STEM education is an interdisciplinary
approach to learning where rigorous
academic concepts are coupled with real-
world lessons as students apply science,
technology, engineering, and mathematics
in contexts that make connections between
school, community, work, and the global
enterprise enabling the development of
STEM literacy and with it the ability to
compete in the new economy.”

WOW!

This definition is very verbose!

So, I am going to highlight a few key words
here:

interdisciplinary approach

rigorous academic concepts

real-world lessons

apply science, technology, engineering,
and mathematics in contexts

to compete in the new economy

FEt, STEM BERIX—EX % 7T K8
Hr-4u S F7E 2001 ZE5| N\ STEM L& AY XY
STEM BRI RIREAS . LTI S BT /E]
— BTN E N -

‘STEM B2 —MEBERNF I TTE,
FHEAEFR. X TEMEKLLZ
BREIKANTR TEARZE. KA.
TEMEEEENF AR S ST S
RIREHRLE S, MWMIRS STEM Z57,
FULREEREFHRFHNES.

!

XN EXIFRETK!

Bk, FoRX 2iRIFILNRRIE:
BERITTA

FHEMFARES

PR RS vk

BRI, SR, TRMESR AT
s

EHEFR RS
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As we can see by this last statement, STEM
is linked to economic goals. To help
students compete in the new global
economy! Therefore, we can’t really forget
about this connection because it’s really the
main driving force for STEM education at
the government level. But let's try
simplifying this definition before moving
on.

MMM RE—RIEFEER, STEM
525 BirER. BHFEAINEIR
ZyhRg! Fit, BNAERNEIC
XMER, AACHLIBFER STEM
HEMTEERM ., BREREZH, it
AN BB U DE N .
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Our working paradigm of STEM

STEM solves real world problems using science,
technology, engineering, and mathematics!

But we need to add more depth to our understanding of STEM

www.sino-exchange.org

Presenter: Scott A. Campbell

STEM solves real world problems using
science, technology, engineering, and
mathematics!

This is the simplest definition that | can
make to define STEM education. However,
this perception of STEM education, which |
represented by a red box is incredibly
limited. Therefore, we need to add more
depth to our working paradigm. So, lets
expand on this idea and add a bit more
depth to our understanding of STEM
education.

STEM R AR, fR. TREMEFHER
DS 5T A Ay [a) !

XEHAE N STEM BB THREEE X,
R, HALERTHXFINT STEM HE
HEZZEEERN. B, BN
ABAN TEERIEMEZHRE.
e, ERNY B—TFXAMNEE, 1EFAND
St STEM H B IR RERAN—LE,
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STEM solves real world problems using science,
technology, engineering, and mathematics!

If our aim is to solve real world problems, then we must:

* Explore authentic problems;

* By developing authentic solutions;

* Using a cross-curricular approach;

*  While address legitimate NEEDS in society;

* And should lead to innovation through creative problem solving.

***NOTE: (although skills are often learnt in STEM, the focus of STEM education is not to develop skills for a general labour market).

www.sino-exchange.org

Presenter: Scott A. Campbell

So, if our aim is to solve real world
problems then:

e Then the problems that we explore
should be authentic.

e By extension, the solutions to that
problem should also be authentic.

e And finally, the approach should also be
cross-curricular in nature.

e But professionals in the fields of STEM
are also addressing real world needs in
our society. Therefore, these industry
professionals are leading innovation
through creative problem solving.

We now have a definition that is much
simpler to understand, and it still upholds
the ideology of the original definition that
we had previously looked at. However,
there is still one last point that | should
emphasize! Although students will often
learn numerous hands-on skills in a STEM
class, the focus of STEM education is not to
develop job skills for a general labour
market.

Rk, MRIATA B IR BRI LA ST
REERE, AA:

o FAFKNKREMEBARIZEELM.

o MIX L XA RBENBATED
NiZ 2 E XM,

s K, XMAEEAREONIZEE
REM.

o {BSTEM UM E W AT HEHBZEK
MAASHI SR, Fib, XLl
T AT IE7ERIT EE M A o) R
KB FEIFHT

BRERT I EBTZHERIEN,
ENARERHAABTE R 8 RIAE XA
BIRES. A, EERE—RIANIZ
2! REFANBESESTEMIRE L

FITEFTFIEE, BSTEM HEFNER
FARRBA—RG N T HEFR TR
BE.
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www.sino-exchange.org

Piaget Theory of Cognitive Development

* Stage 1: Sensorimotor Stage
(children 0-2)

* Stage 2: Preoperational Stage
(2-7 years-old)

* Stage 3: Concrete Operational Stage

(7-11 years-old)

+ Stage 4: Logic & Abstraction
(Age 12 though adulthood)

Presenter: Scott A. Campbell

In conclusion, | would like to share this
graphic with you to show you how all these
different concepts are interconnected with
one another.

From the various subjects that STEM is
comprised of;

The critical industry sectors that STEM is
related to;

The educational theory that intersects
with STEM education;

And the various stages of cognitive
development in children.

As you can see the core subjects Science
and Mathematics act as columns
supporting everything, and these core
subjects are supplemented by inter-
disciplinary subject areas. Therefore, STEM
acts as merging point for the core subjects
as we apply rigorous academic concepts in
real-world lessons that will help students
prepare themselves for the new global
economy. However, there are so many
critical sectors that are represented by
STEM. Therefore, after we see the merging
of the core subjects, we also see STEM
branch out into a wide range of
specializations that all fall under the STEM
umbrella. This creates an hourglass shape

®a, BERESAKXDEXKE, mAK
RFEXERR NS MEHEERX
BXHY

M STEM FTEEMENRIERE,
STEM #HK RIS BT R,

5 STEM HERX X WA FIEL,
UEILEBINANEZ RS,

IEMRATERIR, BFEMHSFEXE—
I, XEZOERBBEZERER
S FE., B, STEM 2028 A0
&8, BARMNEALHRORERY
7T EENZEARMS, XBEZE R
NS REFMIFESR., AT, STEM K
RTWFZFEEHMIT. Bk, EHRINER
RLFERNREZE, BTt EE STEM
NXETTZHE VG, X ER
BT STEM MR T, XK T —
WRIAR, BARMNEZTZARE,
BemE—ik, AREENEHEES
TIINEENMFENHROE A BXY
=

X1EF A8 2] T Blooms Taxonym, 1EZ0{R
FrERH, B2 RMEMRFLE, LK
MFEIEMMAIRE, BANFRERER
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as we take multiple subjects, bring them all
together, and then branch out again as we
go on to specialize in a specific field of
study later in life.

And that brings me to Blooms Taxonym. As
you can see, we always start with
knowledge, and as we learn the basics, we
start to understand abstract concepts.
These concepts could include how to solve
an equation, or how molecular bonds work
and these are important concepts to
understand if we are going to start applying
these theories in a STEM program.
Therefore, the core subjects really need to
proceed STEM, because we cannot apply
math and science before first
understanding the basics. Then in STEM we
can start applying what we have learnt in
an authentic context to solve real-world
problems before we can move on and
analyze the results. And finally, later in life,
industry professionals are required to
synthesis seemingly unrelated concepts to
solve complex problems in the real-world
and of course, they will need to evaluate
the effectiveness of those solutions as well!

Next, we can look at where we are going to
get the greatest impact from a STEM
program of study. Since critical thinking,
math, and science are critical skill sets that
are crucial to STEM education, you will find
that STEM will have the greatest impact
when it is taught at middle and high-school
levels. And this notion also corresponds
well with what we know of Piaget Theory
of Cognitive Develop which indicates that
“logic and abstraction” only starts at age 12
and continues through adulthood.

MUO X LA O] RE B AR AT SRR
NENFEOTIE WRBEMNE
iZAT STEM I B A i/ FHIX LETHip, XL
HMEFTEEERNEEMS. Bk, &0
R ERLEEYRL: STEM, FADFR(IF8E
R T BEMMIRZ BN B R
¥, RE, ESTEM F, Ff10o] IAFRE
HIRINE R N AR ARk @
&u*ﬁﬁ¢mﬂﬁ,mFﬁ% ST
#R, &hE, EMENEET, TIE
VAREE %éEMTﬁ%MMU%ﬁ
&u+ﬁﬁ¢%amﬂﬂ,ém,%m
FE X ERR T ENE !

BTk, BATTINEE STEM R B &
EMEFAERATI, RATHAMER

%, WFAMBFZEX STEMBAEEXEER
E/];é%?—i%\lé, 1/_]\Kz_zf)b STEM TEF'—TJFDH
PR BFFTERANEW, X—
MUmEKMW%M&IMM%kEE

wWEYE, RENAMKBEELRRA,
“‘Eﬁ%%"kmzﬁﬁ%,—ﬁﬁﬁ
B pLE
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Is It STEM?

Do these classroom projects uphold the ideology of STEM education
and are they appropriate for the specific grade level it was meant for?

Moreover, what can we do to improve these projects to ensure that we

are prompting authentic applications

www.sino-exchange.org 20

of chemistry within STEM.

Presenter: Scott A. Campbell

Now that we have some common
understandings about STEM education, let's
look at some classroom examples to
determine if these classroom projects
represent the true nature of STEM
education, and what we can do to modify
our lesson plans to ensure that we are
achieving the desired learning outcomes.

— et

= /N

BEREAIXS STEM BHBEER T EHIE
g, BLLFMNEBE—ELREGF,
WEXLEREMBEEEREKT STEM HE
FESSMR, RN U4k
ERBARIRETTR], MRS
HAZE S E R,
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%2 Chemistry In STEM Education

C’i”’«”r" Dow TG Cham . 1] 20 4o

www.sino-exchange.org 21 Presenter: Scott A. Campbell

Let's start with this STEM project. This was | .EF{TAMIXA STEM In B Fi5, XE—
a project that was used to promote a BFR#EZERSTEM MBI E . WE,

school’s STEM program. Now what grade RN B 24 T AN FERKE?
level do you think this project was for?

RAENR?
What about now? AR
TR~ 12 FRNFENFERE, F4
DEEY SEEIEKTH. Rt

This was a grade 12 honors chemistry
project where the students were learning

about creating water resistant paints. Now REEfE, ?ﬂ%ﬁbj—rﬁl Elﬁ\;ﬁﬁj
you might be thinking, just as | am right 114?71_ BIZER, BERMILEEH

now! That this activity does not appearto | &, EAFE(FERT EZERNILRES
be appropriate for that grade level, but the | [8), *&5 7 s1FFSEF.

school was proud of it because the students
had used the school’s lab spaces and had
also been engaged in a hands-on learning
activity.
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lChemlleOfAﬂleolostab Samvle student
paintings in Ad-size paper done using handmade

glossy, vme -pr ool paints. b & ¥

Olike 3 Comment Ocancel (3 Comment

www.sino-exchange.org

#ChemistryOfArts&ColorsLab - Making glossy,
pro of paints from colored chalk and white glue. a&l

Presenter: Scott A. Campbell

Now here are some more images from that
post and you can see that these grade 12
students are in a well-equipped chemistry
lab creating paint using “craft glue” and
ground up “coloured chalk”. But we are
probably asking ourselves.... “Where is the
real chemistry?”

That being said, designing authentic STEM
lessons is an incredibly difficult task.
Especially if a teacher has never work in
industry before! Now | should state that
this teacher was amazing at teaching
theoretical concepts. However, they had a
limited understanding of how science was
being used by industry professionals.

Now there are so many ways that we could
have made this project more appropriate
for grade 12 students!

nE, XBERFEZRBIZMTFHER,
RO INEEIXLE 12 FRNFETF—ME
%%émw“ ISR, A TZRKM

B EME SIERE. BRI T4
TMQEW“EE%%%&&E%E?"
EERALL, ®ITEIER STEM REE—IR
WEREMNES. LERNR—NE
u%M*TLI”LIWﬁ'ﬁTﬁf
ZigH, XAEIMAEBIRERHESS
ﬁ%ﬁéomﬁ A (NESE] L%LAi
M fE R T R RR .

REBRZITET UL
12 FHRMFHE!

X IME EiE
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Chemicals such as benzotriazole crystal violet
lactone, and a quaternary ammonium salt of a
fatty acid dissolved in a solvent can be used as
a kind of thermochromic pigments. These
chemicals create a reversible chemical reaction
that can change the of colour of a product.

www.sino-exchange.org

Iron(lll) oxide is a product of the oxidation.

It can be prepared in the laboratory by
electrolyzing a solution of sodium bicarbonate,
an inert electrolyte, with an iron anode:
4Fe+30,+2H,0 - 4FeO(OH)

2 FeO(OH) - Fe,0; + H,0

Presenter: Scott A. Campbell

So here | have some examples of what we
could have done instead.

Here on the left | have reference to how we
could use chemical compounds that would
allow for a “thermochromic” effect to be
explored. That is when the colour of
something changes because of a reversable
chemical reaction due to changes in
temperature.

Next on the right | have an example of how
you can create “Ferric Oxide” to create a
colour pigment, and as we have already
seen, “ferric oxide” has numerous
applications in cosmetics and intertrial
paints. Therefore, we already have a few
options that we could use to improve this
one project.

But let's take this a little bit further!

Now that we have some pigments, we can
then explore different chemical methods to
convert this pigment into a usable paint.
First, we could look at how to use different
chemical solutions to create a binding agent
and chemical solvents. Alternatively, we
could look to our past to learn how some of
the greatest minds of our time created

R, XEFRE LA IUAIB
T

HED, BARET BAMNMEERLED
KRR ABTE Y. BptZEiR, AT
BETASEMNTENERY, EMER
FREE AL T T,

HHBNT—MIFH, HE— N
HE EAEKRFIER IR, 1E
WHRMNELBEN, | EL LA
RRRERZEA. Fi, HNEL
T L] U SR BGH X AN B IR T

BN EH !

WABMNE T —LER, BT URR
AR FTT R XM ERHE 1 T
AR, B, A BRI A
AR FB RRFIEE ST FEE
o E, BAVTUAERIAZRAMNNITE,

TRBEANZ R —ERHERINE
T RE HARIERY, EEAN BT EHE",
LA, WREREUK N EEEFHR
RHBIRLRY, XEEER T E AR .

REEXLERRS5EERE, HA—H
DT RENBILEY, XMELEY
MFrE LML .
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masterpieces such as the “Sistine Chapel”.
At this point in time paints were made
using pigments such as “ferric oxide” and
“lapis lazuli” which were ground into a fine
powder. These pigments were then mixed
with egg whites to create a molecularly
stable, organic compound that could last
for centuries.

So, with a few simple changes this project
could easily be redesigned in a way that
would make it much more meaningful.

By, REWM—EHENENR, XPU
Bt U RBZMERRIT, EEES
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e Be ...see more

www.sino-exchange.org 24

M Education

* | 2inldragster

MOTORIZED

(2

Presenter: Scott A. Campbell

Next, | want to talk about fads vs. enduring
knowledge, or more specifically looking at
developing sustainable curriculums that can
withstand the test of time.

Here | have a post showcasing a project that
| personally really like... CO; dragsters! And
this is one of the best-selling STEM project
kits from High-Genius and PITSCO, but this
one product has been sold in the US for
close to 70 years now! Well before STEM
ever existed!

For example, here is the PITSCO guide to
education from the 1990’s, but CO2 racers
were popular way before then! In these
final examples you can see some of the kits
from the mid 1950’s, which were popular

BTk, BRBRKNESR/AFR, &
FEEAEMMIE, EXTHAEGENE
ZWH SRR

xR, BE— MFRRT—PED
ANEBERMIE - Exiesss X
£ High Genius 1 PITSCO & #4558 STEM
MEEHZ—, BEX—FREXEEL
HE TIE 70 fF! B 7 STEM 27 Z /1!

g0, X2 20 g 90 F4X PITSCO A
Bi88, BAEMZRE, —FUHEEER
FIM! X RENEFE, RETIY
FE|—L 20 42 50 ERFENEH,
XEEE A YRRZVE, FATi#H

BB ERAAREZERINEE

activities at the time as they helped get kids FAE XA

interested in aerodynamics and propulsion

during the US-Soviet space race.
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Presenter: Scott A. Campbell

Now we can see the influence of this idea
of rocket propelled vehicles as a major
driving force in our modern society even to
this day. From development of the fastest
land-based vehicle (which was essentially a
rocket on wheels), to our modern-day mag-
lev train technologies. All these
advancements came from the study
propulsion and aerodynamics.

WE, BNTUER, BFERISR, KX
B ERIEATNAR LR ERIK
NIRRT M. NI R ERIREY
FEEZER (KREZ2—MmRTHA

#7), BB HUBFINELA. B
BXLEFHSER B THHEHAM=TEN N

L.
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Store bought DIY kits like this one became very popular in the
post STEM era; however, these kits primarily focus on the act of
building a project but do not develop deeper understandings.

2KNO;, + CH,0 > 2KNO,,) + CO2, + H,0,

Carbon

Potassium Table Sugar Potassium Dioxide

Nitrate Nitrate
(ionic salt)

(inorganic
compound)

But what about adding aluminum to the mix?

NOTE: there is a variety of sugars like glucose, CsH,,04 or sucrose (table sugar) C;,H,,0,,; however, the empirical formula for
glucose (CH,0) has been used here to capture the essence of the carbon ratio, hydrogen, and oxygen in most carbohydrates.

’

www.sino-exchange.org 26 Presenter: Scott A. Campbell
Which brings me to my next example. X TR T —NMF
While over the counter DIY kits provide MmILE I DIY TEG AR B T{EEIEMT
educators with easy ready-made projects HEINITIE, XL E T UELF
that can Pe implemented with little to no SBEA EN NS
preparation.

| | S TASESIEERE T
These kits tend to offer very little towards REFEATKGIES, R, KSR
achieving the desired learning outcomes of N E lﬂ% jﬁ A o

established curriculums. However, rocketry AAEERBPIME BLLERE TS

has so many wonderful grade-level BEHNERY R, #lm:
extensions for students in an upper year's
science program. For example: 2KNOs3 + CH20 - 2KNO: + CO; + H20

2KNO; + CH20 - 2KNO; + CO: + H,0 XE—METFRENRK E’Jﬂ?@ﬂt
B, F4O7 KIS KETRE,

Here is a balanced chemical equation for a
combustion-based reaction that students MEUERBE—TAXETH4. B,

can use to make rocket fuel. ?X‘ﬂ]’ﬁﬁﬁﬁﬁ KR TE5LTEAEE
. . . & MRXFLFRSMABE KNG,
Now let me explain what is happening. TRREAEIEAE R TS

First, we have potassium nitrate or
fertilizer, which is mixed with regular table

BANKRERN, MfFEXERNE

N > A N —
sugar. Providing this chemical mixture 7o 12&}%;[%%%(%*)“% s, Z8ik
does not encounter a flame it will remain BRI 7K BT Ao

relatively stable; however, it’s capable of
creating a powerful reaction that will create
a large amount of thrust. This reaction will
result in the formation of an inorganic
compound, carbon dioxide, and water.
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Now as an instructor | wouldn’t give my
student the balanced chemical equation.
Instead, | would start with a review, and
then have my students balance this
equation on their own before checking
their work and moving on. Then, in-order to
create the most efficient rocket fuel, the
students would need to determine the
molar mass of each compound in-order to
determine the correct ratio for the entire
mixture. With the math completed, the
students would then be ready to create
their own rocket fuel.

Now as it stands this project would have
them apply chemistry in an authentic way.
However, it still wouldn’t have the students
apply the scientific method. And | have a
perfect way to do that!

What would happen if you added aluminum
to the mix?

Would it improve your rockets
performance?

And what evidence can you provide to
support your claim?

In this case students would need to
formulate a hypothesis that we could go on
and test. Now in theory adding something
that is not necessary to balance the
chemical reaction is ill-advised; however,
adding aluminum to solid rocket fuel is a
unique exception to that rule.

Let me tell you a bit more about this
pheromone. In the early 1950’s Keith
Rumbel and Charles Henderson conducted
a series of experiment where they added
aluminum to conventional solid rocket
fuels. The results of their experiments
indicated a dramatic increase in the exit
velocity of the combustion gases. This new
chemical formulation was so powerful, it
was able produce similar levels of

&, FA—RF0, BAGIHF
= HEREETER.

Bk, WEMEITTiE, AEILHNF
FEAERBEMN TIEFHERHZ A,
B EHXAM IR, RfE, AT HIEH
RAEMNKERE, 2ENBERTE
MICEMNERRE, WREEMNES
PIRIERLLS. EREFEER, F4&
ML IS B SR KETRRL T .

WA, XD BB ILAETIX—FRESLH
TTRNEAHE.

wm, EMAARSILFENARZENT
o BB —NTEERMNTTIERMENX—
& |

MRIREREYHINE,
L2

SKREMR

ERIESIRHIASTEREN?
TREER B AIEIRR SIFIRA EK?

HERXMERT, FENBEHE—MR
w, B GRS ARk
AN —ERNB BRI ELFE R
ERNPEN, Ah, EEEKETRE S
A INERRIZAN A — N IREFGI S

B ERREZXTXMERRERNE
B, 20 42 50 FEL%), Keith Rumbel F]
Charles Henderson #1777 — & %5218,
BB K ETARI RN, {16
KNWERKH, RESENEOREE
FEI, XTFHOLFETEERERK,
BEOE = & 5T TS 02 FR AR K
ey tse! B, BFMRMARAEE
M, EEBERBAIRIEINEIE SHEM
HE NETRHE.

© Sino-Exchange {FIME1EATR)D

Page 37 of 93

Hua Quan Village {*£3R/\F)

WREBEIT: STEM HE LI FHF




Presenter Notes: Applied Chemistry in STEM Education WTREEIC: STEM HE LW FE

performance to liquid fuels such as
kerosene and liquid O;! Therefore, due to
the unique nature of their research, the US
Navy was able to significantly increase the
range of ballistic missiles and orbital

rockets.

Now because this was a bit of a trick L, HXBE—NEF SFITE O,
question, almost every student’s hypothesis | J| Z&AN 24 RIZESHIER] ., A
will be disproven. However, this will give T, XA —MEFH S H T —

them a great opportunity to conduct some WHEWAFS, SHE=
_— 3 S [} o
internet research look for answers.

BEAZI TR A RIR Ve

But how would we test their hypothesis?
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%2 Chemistry In STE
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wwwx.sino-exchangenrQ 27 Presenter: Scott A. Campbell
Using a simple analog force gauge, we can | {#f F—PME LRI IITE, BATT RUN

test the amount of thrust produced by each
rocket. Or for a bit more accuracy we can
use a digital force meter to easily record
and export precise data from our
experiments directly to the computer.

Now you can see what a simple set up for
testing home-made rocket engines would
look like in this photo. And finally, if your
school has a metal shop you may also
consider manufacturing your own custom
designed rocket engines using a small metal
lathe.

As you can see from this example, when
you develop a fully cross-circular approach
to teaching and learning — which is what
should be happening in STEM — your
projects will go much deeper into the core
curriculum. And this type of in-depth and
insightful exploration. That’s what is going
to make students more competitive in the
new global economy!

HEMAKEFENHED. EF, TR
BESNRE, BT UERERFTNN
HREMBIERILEPIEHRENE, 78
HEHSHITTEN.

MARTINEZIX KB K B K
RN ERRERH AR TN, &
B, MRFNERB—RERE, R’
JUEEA—a/NERERFIERC
E B K BT &

IERMX AN FHEBERIRIFREE, HR
F A —MEE BRI FE AR
—iX7Z STEM ANV IZ K £ HNEFT—RE
B RNEZORER, X fpe Ay
HRANMERRENNRE, X¥FEF
SHEFNEREFHIEERSE !
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Big Idea #3

How is chemistry used to solve real-world problems, and how we can
we use these examples to create authentic lessons that apply chemistry

in an appropriate context.

www.sino-exchange.org

And that brings us to Big Idea #3, where |
would like to share some specific examples
of how chemistry is used to solve real-world
problems, and how we can use these
examples to create authentic lessons that
apply chemistry in an appropriate real-
world context.

Presenter: Scott A. Campbell

MEIH T RETH, REEXENFE—
62X T A AN 48 A SRR T SEAE 57 1)
A EAEBIT, AR T f X L
BlIFREBESLRIRTE, BAFENAT
B YIS R EH
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Water Analysis

Although water seems simple enough, it is actually a highly complex
substance. It acts as a medium for numerous chemical reactions that
can occur in seclusion or in tandem with other chemical compounds.

www.sino-exchange.org Presenter: Scott A. Campbell

The first real-world example that | would BERMAR P ENE —NEL TG
like to share with you is related to analyzing | F 53 47/KH %, MEKILFEEZLE

water samples. Now water seems simple BEEBT KA, TLFELIE—FSE
enough; however, it’s actually a highly SRR, XEEYKEELLER

complex substance. This is because water b AN ) 24 = (T
acts as a medium for numerous chemical ELE'J}I )_iﬁ 15_\(_:'%—7—&%—\{[/1'—5;51@1%
FRNBRNAE, FEIRBEEEDIND

reactions that can occur in tandem with
other chemical reactions as you will see in .
just a moment.
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While most people are only aware of
simple over the counter test
solutions, commercial testing
requires a much more sophisticated
approach to water analysis.

Test strips:

e Limited metrics;

* Lack precision;

* Results can be easily skewed;

* Do not show the correlation
between how different metrics
interact with one another.

Presenter: Scott A. Campbell

Students are often taught how to use test
strips like these, or litmus paper in class.
however, commercial water tests require a
more accurate and sophisticated approach
to testing a sample, and personally, | don’t
recall a single time where | used test strips
while working in industry.

This is because test stripes:

*  Only measure key metrics

*  While lacking precision

* The results can be easily skewed.

* And test strips do not show the
relationship or correlation between
different metrics.

Therefore, all these factors make test strips
relatively unreliable. While they are
perfectly fine for teaching the basics in
controlled situation, outside of the
classroom test strips have limited to no
real-world value.

FAMNZFRASNETERE LEAR
XX ARIREK. Kf, BHIK
WX FE-MEER. EERNTIEK
MR, HBEDPAME, HAILHERK
AT TR BRI %,

X R AWK FEC

o NNWEBXREIEHR

o RTIEE

s ZRREZHIRE.

o MAFXHETARIERZENRER
AR M

Ritt, FraXERZESLFHENAR
UE. BRENFEFEEEZENER
THEEEMMR, EREZINMAFE
DSt ST AR B EEAHE.
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can die

Low oxygen

www.sino-exchange.org
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Presenter: Scott A. Campbell

Therefore, field chemists will often use
professional testing reagents or digital
meters to collect accurate and precise
readings. For instance, experienced
environmental engineers and will often
conduct tests using specialized “dissolved
oxygen test kit” which use very specific
chemical reagents.

Alternatively, things like this digital
dissolved oxygen meter may also be used,
and many schools already have PASCO or
VERNIER lab equipment in their school’s
science labs which students could use to
conduct similar tests for themselves. And
these kinds of water test are critical to the
preservation of the hydrological-cycles, and
the management of our fresh water supply.

Eit, AphERZLERAT LR
MIHF BB F R E AR . 1B
B Bl 2RFENRRIRRZ
BEAETNNERENHE HTN
i, ZIAHEEAEERAROULER

7o

§FE, o ERXETAREIT,
FZEZRIRZNEEE LA PASCO 5
VERNIER LG =R &, FA T PIFRIXLE
WERFFTEOAINNK X LKA AG7KIN
IR IR X BEBRMEIEARKENEX
BE,
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Floating Oxidations Devices

www.sino-exchange.org

Presenter: Scott A. Campbell

And to illustrate this idea, here is a photo |
took on my last trip to Yunnan province in
China.

One thing that caught my attention during
my trip were these devices. They were
being used to increase the amount of
dissolved oxygen in the lake water which
was reducing the number of toxic algae
blooms and helping the aquatic life thrive.
As a result, the water quality in these lakes
has drastically improved over the years to

what you see today. Crystal clear blue lakes.

Now this would be a perfect STEM project
for students to undertake. Design, build,
and test a water oxidation device. However,
this project would be more in line with
engineering practices than chemical testing
applications.

For instance, testing dissolved oxygen is
relatively simple with a digital meter.
however, what makes environmental
engineering demanding is the continual
testing and follow up. For instance, the
technician or engineer would need to test
the oxygen levels for an extended period of
time.

In the case of this environmental project

AT RPARNMEE, XEH KK LEX
EPEZBERITHANRA

FigES, E—MHESETHNEER,
BB X LR T . TN AREINHK
TRARESE, MNREDESFEEN
WE, TBEIKEEYEAMK. A,
REFR, XEHRINKREZREN
£ RITESRHKE, BHEHEEH
Ho

N7

Y, NFTEERE, XBE—xEE
A9 STEM I B . &It BB KE L
KE. R, SEFWLEAMELE, 1%
B EMFEIEXE.

Bign, MEFUEFRNILE BEARX &
B, Af, RNEIREAEREAEEN
AR, B, BARARKIRINE
BRI A ETKE

RZEHNIRRIME S, HFAEIZE
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Yunnan, it had already been going on for 10
years when | had visited the county. As
such, this kind of data collection and
analysis isn’t practical for a high-school lab.
Therefore, we need to look for something
that has more immediate results.

Luckily enough, many schools have access
to a great resource that they can use to
conduct some real-world water analysis
that is probably far more relevant to the
student's everyday life.

¥, TEZH7 1046, B, XM
BRERAS TN TR P RBERHRT
WM. B, RINBEIHEEEM

+
%

FZEHE, TEFRIBERERER
R, T ARSI T PSR A K
o, XEDTUESFENBELR
EARXK.
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RREEIL:

Detailed Water Analysis

Access to a commercial pool testing kit can provide students with authentic
opportunities to apply core scientific knowledge to solve real-world problems.

www.sino-exchange.org
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Presenter: Scott A. Campbell

Many private schools that | have visited
have their own swimming pool, or at the
very least have access to tap water that
they could test.

Now if your school has access to a
swimming pool the students can test the
water, identify any potential problems, and
then determine what corrective measures

would be necessary to properly balance the

pool water. However, if your school does
not have access to a swimming pool, you
can still test regular tap water to determine
the suitability of a water source for use in a
commercial swimming pool. In this
situation you would still need to analyze
what treatment options would be
necessary to optimize or balance the water
before it could be used.

Either way, the students will be able to
conduct a wide range of experiments to

test a water sample and analyze the results.

However, | should warn you, although most
people think that testing pool water is a
simple task — It’s actually quite demanding
as you will see in a moment.

X I NIF 2 A FREE B CHYK
A, B ZEDTPFERBERKHTN
o

W, RIRAYZR O] UfE ARk
AT UMK, TR ER
&, AEFHERZRBIRL L I e
SKIE oK, R, NRIRAGER
EEMRA, R DU E B 3k
K, DHEKEEEES R
FH., EXMERT, EFEAZR, &
MARBEDITINAL S EKrFE AL IE
A

M, FEEBKEBIHIT Z
ASCR SRR FF D ITEER . R
BRIZE SR, E*k%ﬁk%ﬁﬂﬁ
KB —INfE B ES——IE W IRIEE
BEENBE, eEFREERRS.
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As | mentioned before, test strips are not
particularly useful as they lack precision.
Therefore, the results that you get from test
strips can be easily skewed. That is why
commercially operated pools are required
to conduct professional water tests on a
regular basis.

In this example | am showing a lab set-up
from Bio-Guard which is a company that |
have | lot of experience working with.
However, other companies such as:
Lamottee, Taylor Technologies, and
Fishersci also provide commercial testing
solutions for commercial pools. Now as you
can see by this lab set-up, testing pool
water to meet health and safety regulations
is no joke! It’s a serious task.

So let me take a moment to explain the
different test that must be conducted by
the lab technician.

ENF AR E e, MAFFHAEH 5
HH, EAERZBEE.

B, RANIKEPRINERRES
W . XEE AT AR WIEE B9
MRBEERHTE LK.

FEXNMEFH, FRRT Bio-Guard AYSC
BERE, X—XBRERZIELR
B/AT), PR, Lamottee. Taylor
Technologies 1 Fishersci ZH fth/A 5]t K
i Wik bR R N R T R, I
7, EMRMNENLRFREFRERIDN
A, M BKHEERMLZEINE
JAERERN! XE—ITU0REMT

%

B, LI ERE— TR =K
AN RBIHITHIA RN o
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32 Chemistry In STEM Education

Vinyl Pool Concrete Pool

Total Dissolved Solids 250 ppm 250 ppm

The lower the better. Total Dissolved Solids (TDS) levels that exceeds 3,000PPM in a standard Chlorine of Bromine pool ecosystem can be
dangerous to swimmers. However, the TDS levels of saltwater pools are typically between 2800 and 3500 ppm as there should be 3000
ppm of salt in the pool at all times for the salt generators to be able to operate properly.

Therefore, the results of the TDS test are critical for a lab technician as it helps them identify the type of water sample and the quality of
the water itself.

www.sino-exchange.org 35 Presenter: Scott A. Campbell

The first test is to determine the amount of | & —INX B E A RE L 3k TDS BI&

“Dissolved Solids” or TDS. =,

Using a TDS meter, the conductivity of FH DS A EFHEEER, X

dissolved ions is tested. This is done by B ERE AT S /B S BT

sending out a small electrical charge \E,,ﬁn%,,\g\ BB SRS SINEY . 40
/ I o

through the sample to measure the
“electrical conductivity” of the solution in

RFARE AT ENE, ERESH

what is called “siemens”. If you are Bl 2 AL, %F“—ﬁﬂiﬁll&ﬁﬂ"o R,

unfamiliar with the term “siemens”, it is HRBIT, TS K sy!

the Sl unit of conductance and is equal to

“one reciprocal ohm”. Now ideally the nm, EEENEEIR, HAZFm

lower the TDS level the better! BRFEKBEERSENEST ., —L
775?7\7'}7\1’13 BAlRERAFNT, FHER

However, it’s also important to note that OBk &4 TDS 7K3E,

not all pools use chlorine as a sanitizing
agent. Some pools, particularly in Australia, | 5z 2 I ERFHSEE #-- AK Hb A9 TDS

use salt instead and this will affect the TDS KB KR E R EE S,
level of the water.

Regardless of the sanitizing agent being
used... testing the TDS level of the pool is an
important step in determining the overall
guality of the water sample.
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Vinyl Pool Concrete Pool
Total Dissolved Solids 250 ppm 250 ppm
Total Chlorine 1~5 1~5

Total chlorine is the sum of the combined and free chlorine ions in the water.

www.sino-exchange.org
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Presenter: Scott A. Campbell

The next test is for “Total Chlorine” and
typically uses 10ml water sample. A reagent
which will change colour depending on the
concentration of chlorine is added to the
water sample. That sample is then held
against a white backlight and is compared
against an accurate colour chart. With Bio-
guard the regent comes a premeasured
tablet which is then dissolved in the
sample. This ensures that the addition of

—l_ /\)l'l[ rtZE IL:\/_” 1%.!%1%% 10ml 7J<

7|‘$ B—RIESIREm T E TR
MEIKIEF. REHZFRARFERE

BAT, FEBHROBERHETILER.

£ Bio- guardEP R FE— N ER
F7l, RERBEABAEHERT., XHHR
T’“‘h%B%“é?c%i’é)”l RFIRINE.

,mﬁ'ﬁ Taylor ZH fth/A 545 B AR A5

73

S = k=

FATERZER. e

the reagent is perfectly measured every ij{ BB AN RSB ARG, XE
time. However, other companies such as ARFRFERFENHE.

Taylor use a liquid reagent which is a little

bit easier to use in high-volume situations.

That being said, the droplet size can vary

slightly depending on how hard you

squeeze the reagent bottle.
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32 Chemistry In STEM Education

Vinyl Pool Concrete Pool
Total Dissolved Solids 250 ppm 250 ppm
Total Chlorine 1~5 1~5
Free Chlorine 1~5 1~5

The total and free chorine values should match. A discrepancy between these values indicates a problem with the pool water. Free chlorine
refers to chlorine that is present as hypochlorous acid (HOCI) or as a hypochlorite (OCl —) ion. When the chlorine demand of water is
satisfied, free chlorine is available to oxidize contaminants. Whereas combined chlorine exists in chemical combination with ammonia or
other organic (nitrogen based) compounds rendering it useless.

NOTE: high chlorine values result in test strips getting bleached which skews the results. Thus, making test strips unreliable for commercial testing applications.

www.sino-exchange.org 37 Presenter: Scott A. Campbell
The next test is for “Free Chlorine”. Now T—MNIREHES. Wk, REMHE

both total and free chlorine tests should be | B& 9N N IZE ST, DUED ML
done simultaneously so that the values can ENX LY, TEARER T, XWMERNIZ

N

be compared. Ideally these two values TE, AT, AESENLENES
hould match. h , th w3 Lo pek T == S NG AN
should match. however, there are e L

numerous situation which can cause a
N N _ANE A=
discrepancy. These scenarios would indicate PRARER . S, MRAB—MRE

i \\ : S N :E ;&
a serious problem with the pool water that | i3 5Ppm, URAMI 945 45 th 4R

needs to be addressed. Furthermore, if Z. BREAEFIPMFAE LN
either of the chlorine levels exceeds Sppm | o WUENXFHER, (B MK ZTE
the results of the other tests will be fRARIX /N [a] /KL,

skewed. While professional tests using
reagents and neutralizers can
accommodate for this, a generic test-strip
cannot deal with this issue.
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Vinyl Pool Concrete Pool
Total Dissolved Solids 250 ppm 250 ppm
Total Chlorine 1~5 1~5
Free Chlorine 1~5 1~5
pH 7.4~76 7.4~7.6

The optimum pH for a pool is 7.5 as this is the same pH as the mucous membrane in the human eye (this is the most sensitive part of the
human body that is exposed to external environmental factors), and all other aspects of the pool have been designed to function optimally
at this pH; moreover, the effectiveness of choline as a sanitizer is optimal when the pH of the pool is within the desired range.

www.sino-exchange.org

Presenter: Scott A. Campbell

The next test that needs to be done is pH.
Now if the chlorine value exceeds 5ppm
you can get a phenomenon called
“bromafidal blue”. In this case the pH
reagent turns a dark purple which would
indicate a very high pH. However, in these
situations the pH is usually very low.
Therefore, it’s easy to misinterpret the
results of the test and recommend the
wrong treatment to address the problem.
That said, if you know that the chlorine
level is high before conducting your pH test
you can act accordingly. All you need to do
is add chlorine neutralizer to the water
sample before adding “phenol red” to test
the pH level of the water sample.

T HBEMIUIXZ pH. AE, MR
SUEEBE Sppm, S HIL—FFRA"
REMIAR. EXMERT, pHIXFI=
TRREE, XRApHIFES. A,
AEXMIEILF, pHBEIFEMR. AL,
REGRBUXER, FEIWKIER
HUALIR AR AR B8, Rt2iR, 4N
RIRFEHTT pH WX Z B ZER
=, RUYURBAERNTTE. (REFR
AR EIIN LD Z 5] =) K R AN
SrpAnF, DU/KHEEY pH B
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%2 Chemistry In STEM Education

Vinyl Pool Concrete Pool
Total Dissolved Solids 250 ppm 250 ppm
Total Chlorine 1~5 1~5
Free Cholirine 1~5 1~5
pH 74~76 74~76
Manganese 0 ppm 0 ppm

Manganese is highly reactive, forming “permanganates” when oxidized. Manganese can appear as anything from purple stains in the pool,

or even a dark brown/black colour which can sometimes be mistaken as algae. This can result in people treating the pool for algae when no
algae is present in the pool water.

www.sino-exchange.org 39 Presenter: Scott A. Campbell
The next test that is for “manganese” T—MIR R 5", ekt REE
which can cause damage to the surface of a | FiifIR,

pool.
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32 Chemistry In STEM Education

Vinyl Pool Concrete Pool
Total Dissolved Solids 250 ppm 250 ppm
Total Chlorine 1~5 1~5
Free Cholirine 1~5 1~5
pH 74~7.6 74~76
Manganese 0 ppm 0 ppm
Copper 0 ppm 0 ppm

Copper can cause green or black stains, make the water turn emerald green, and can result in blonde or gray hair turning green as well.

Copper Sulfate Pentahydrate CuSO, -5H,0

www.sino-exchange.org
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After that, additional metals such as
cooper” are then tested for.

Now cooper can enter pool water in a few
different ways. If the pH is low the acidity of
the water can start corroding the pool
equipment. however, this is becoming less
common as most companies are now avoid
using metals in places that are exposed to
water. Alternatively, copper gets added by
people all the time, particularly when a
pool is being neglected by its owner.

In the event of a large algae bloom, many

AIa

77\

5 NSRS EESR.

MEEAT B L FHAEN A NEN
K, M%mHﬁﬁ K%%FT%%%
YA I T ek . R
SRS AE L, lﬁk%ﬁz“?ﬁf%ﬁaﬁ_
REREEKPHIMAFERAESRE. =

&, HERRWEANSRM, LHEZHHEX
AR FE A B,

7E3% % KA
75% WP ﬂl—ﬂ//l?'—lbl-é’aﬁ‘r}i/\j%
FRRRER . BANINRERTEZE KR

pool owners turn to Copper Sulfate which KA R, BEHRSSZE T —RT|
can be purchased at many department FEERE S, ZEK B > A=
stores. While the addition of copper sulfate 4R 5] B

is an effective method to eliminate the -

algae, it does create a series of serious

problems that need to be addressed before

the pool can be used again.
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%2 Chemistry In STEM Education

Vinyl Pool Concrete Pool

Total Dissolved Solids 250 ppm 250 ppm
Total Chlorine 1~5 1~5

Free Cholirine 1~5 1~5

pH 74~7.6 74~76
Manganese 0 ppm 0 ppm
Copper 0 ppm 0 ppm
Iron 0 ppm 0 ppm

The presence of iron indicates an erosion of pool equipment and negatively affects the water quality of a pool. Corrosion
occurs over time and is expedited by high chlorine value and low pH levels.

www.sino-exchange.org 41 Presenter: Scott A. Campbell

And finally, the last metal that’s tested for is | &x/5, &EE—MMENXNEEE %", B
“iron”. Since this reagent smells like rotten | X FhiX ¥ B EFKGRIEE, WRIRE

eggs, you are likely going to have students BRREHHEEHTR, RIETEE
complain about it if you do this test in a Lo B0 HY BB

poorly ventilated classroom.
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Vinyl Pool Concrete Pool
Total Dissolved Solids 250 ppm 250 ppm
Total Chlorine 1~5 1~5
Free Cholirine 1~5 1~5
pH 74~7.6 74~76
Manganese 0 ppm 0 ppm
Copper 0 ppm 0 ppm
Iron 0 ppm 0 ppm
Total Alkalinity 100~150 ppm 8~120 ppm

Total alkalinity (TA) is the measure of the water’s ability to neutralize acids. Alkaline compounds that are present in water, like
hydroxides and carbonates, eliminate H+ ions from the water, which lowers the acidity of the water and results in a higher pH.
Total alkalinity is gauged by measuring the level of acid that is required to reduce a certain sample’s pH level to 4.2. At this
level, all alkaline compounds are completely depleted. Measuring alkalinity is vital in identifying the capacity of water to
neutralize the acidic and corrosive effects from wastewater and other sources, such as rainfall.

www.sino-exchange.org 42 Presenter: Scott A. Campbell

The next test in the series uses a chemical | ZZRF| T —UERE L F B EERFK
titration to determine the total alkalinity of | #E/KHH BRE. FEANRKAP, %
the water sample. For this test you will FHEGNE 100 EFK, RAEESS
measure 100ml of water using a graduated BINEFIR T 250 ZFHEG A LR

cylinder which will then be poured into a RIEE R AR TR
large beaker which has a volume no less o e '
& B BB

than 250ml. Then using a magnetic stir-
late, you can slowly stir the water sample
Huring the ttration. "¢ ShNEBNRAIRIG, EIURI
Fimenth. xEFEERD R
Start with a slow flow of reagent at first . BRRENEENERNEE,
until you start seeing a change in the colour. | ¥ AN =HE T HREBER, =157
Then reduce the titration to a steady drip. | E! REMBEEEFRHTNE, FEEBD
Monitor the colour of the sample after R REERT SR F,
every drip and the moment the sample
changes from a bright yellow-orange to a
dark orange color stop the titration! Then
take a measurement from the burette to
see how much reagent was used during the
titration.
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Education

Vinyl Pool Concrete Pool
Total Dissolved Solids 250 ppm 250 ppm
Total Chlorine 1~5 1~5
Free Cholirine 1~5 1~5
pH 74~7.6 74~76
Manganese 0 ppm 0 ppm
Copper 0 ppm 0 ppm
Iron 0 ppm 0 ppm
Total Alkalinity 100~150 ppm 8~120 ppm
Calcium 150~250 ppm 200~300 ppm

Although soft water is desirable in everyday home use, maintaining an adequate calcium hardness level is an absolute

necessity in pool water. With sufficient calcium levels the aggressive nature of water is minimized which helps to prevent the
leaching specific elements from the pool’s structure, plumbing, and equipment.

Calcium Hypochlorite Ca(ClO),

www.sino-exchange.org
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And the final test is to determine the
“calcium hardness” of the water.

This test also a uses a chemical titration,
but the reagents will go from a vibrant pink
to a dark purple during this test. Now as
there is no way to practically remove
calcium from the water, the only way to
address calcium hardness is by draining
some of the existing water and adding soft
water to replace it. Typically, the calcium
level of the pool will be balanced when
water is first added and is not adjusted
unless a large amount of fresh water has
just been added to the pool. However, the
use of Calcium Hypochlorite can slowly
affect the calcium hardness of the pool
water over time.

This low-cost granular choline shock has a
relatively low chlorine content per
molecule, slow to dissolve, causes the
water to go cloudy, and is molecularly

unstable and this can lead to the compound

spontaneously combusting. However, due
to its relative low cost, many commercial
operators like to use this low-cost product
in their regular maintenance routines.

RENNXEHEKN BEE

XMt FEAT HERE, BAEXD
MiXEREF, KFSMEHLMIE R
BREE. ME, BTRBENELRE
Br/K AR AOES, fRREEHEE R B A E— 7
ERHEH—EMBRIK, FARINEIKEK
REE. BE, HEKIKE, Kith
MK ESRFFEE, BRIERNINEKE
RRINT KEXRK, BUASHTH
B, Am, HEENENERS, FAXE
RIS IR it /KA EERE

XMEA AN TR ERE D FR 22
MR, BAMEIR, SBUKER 27
ARE, XURESBEUEMER. R
i, BETHANREAAAR, FEEL
LE BRI BT 40P P XA
NSt
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“Always add chemicals to water, and never water to chemicals”

www.sino-exchange.org

Presenter: Scott A. Campbell

And that brings me to the idea of safety,
and why it is important to understand
chemistry.

To avoid dangerous chemical reactions, like
the one we saw in this short video you
should never mix random chemicals
together, and you should “always add
chemicals to water, and never water to
chemicals”.

Now | don’t expect that you students would
ever be adding chemicals to the school’s
swimming pool. however, this one safety tip
is incredibly relevant to any experiment
that you will do in the lab.

And Finaly, while the dangers that
chemicals such as calcium hypochlorite
Ca(ClO)z cannot be understated! There is
another chemical that is commonly used by
many pool owners use that is even more
dangerous. This chemical is sodium
hypochlorite (NaClO), which is more
commonly known as liquid chlorine.
Furthermore, this chemical is often used in
conjunction with hydrochloric acid (HCI) in
many commercial pool setups. However,
these two chemicals can result in violent
explosions that will produce chlorine gas if

RILHER T 22 E, MRATA
ERUEFERER.

ATERBRENEFRE, BMERAE
KBS BRI M, IRKZARE

ZIEEN IR EE—’, R
% BERAEKPARIMELEDR, KEAE
FEAFY TR IR

MAEFZBENR(NX L ZESTFERE
mexth BRI EY R, R, X—1
ZERNESRBELEEHITHEE
WEBIEE X,

Ria, KEYFIRRIRT Ca(Clo) M9
e AARSE! B —MEF Skl E
EREANLFYRERR. XMLE
YIBRR RERH (NaClo), Bl HAR
ARR. LI, EFEZHIRRES,
XM REESEHR (HC) —ikft
o A, XWAMEEYREITESFE
RIZURIE, IIRBINREE., SFER
o MAENRMSE, XEXERIEH
EHERTHBR L FE R
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accidently mixed. Now for reference, this is
the same chemical reaction that was used
to create chlorine gas during the holocaust!
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L
w

Area=LXW
Rectangle
& 7 Area=RXRX3.14
e Circle

Area=RXRX3.14 + (LX W)

. Oblong .

Area=AXBX3.14 Area = [A+B)XLX045
Oval Kidney (approximate

NOTE: the pool needs to be balanced in the same order that we conducted the tests on the original water sample.

www.sino-exchange.org 45

23. Volume of water in a swimming pool A rectangular swimming
pool is 30 ft wide and 50 ft long. The acc able shows

the depth /i(x) of the water at 5-ft intervals from one end of the
pool to the other. Es! he volume of water in the pool using
the Trapezoidal Rule with n = 10 applied to the integral
V / 30+ h(x) dx
Position (ft) Depth (ft) Position (ft) Depth (ft)
x h(x) x h(x)

0 6.0 30 115

s 8.2 35 11.9

10 9.1 40 123

15 99 45 12.7

20 10.5 50 13.0
1.0

Presenter: Scott A. Campbell

Now cautionary tales aside, the next thing
that students would need to do is analyze
their results and make the necessary
calculations. This is great time for students
to apply the study of 3-dimenensional
geometry or use any of these formulas to
quickly estimate the volume of the pool.

Alternatively depending on your student’s
grade level students could also use a
summation formula like what | have shown
here from this textbook example. Then with
the volume of the pool determine students
would then be able to review the
instructions for each chemical and
determine the correct amount for each
chemical that will be needed to correct for
any imbalances in the pool water.

AT ETHREAK, FEIETX
BEMAME D ANNERFHTL
ZNIHE. XRFENA=H/LETHR
s {5 X LA T AR BT — P SRR fi
KRR A G B AL

ﬁ%,ﬁﬁﬁiﬁﬁﬁ*$,$imﬂ
MEA—RMAR, REHAEXE
THIRXDEB BT, RE, ﬁ%
KR AIRTE FE KRS RE S G
FHRANE I, FEE L IEKA
BHEMULEMNIERE.

© Sino-Exchange {HIMEERTRD Page 59 of 93 Hua Quan Village {fER/\FT)



Presenter Notes: Applied Chemistry in STEM Education

WREBEIT: STEM HE LI FHF

Saltwater Generators

A sustainable alternative to standard chlorine additives.

www.sino-exchange.org 46

Presenter: Scott A. Campbell

Finally, one of my favorite inventions in the
pool industry is the Saltwater generator!
First invented in 1972 by Cascade Pools in
New Zealand. These little devices can turn
standard table salt into a usable form of
chlorine and back again. Making this a
sustainable, and environmentally friendly
solution to pool chemistry.

Now while this method of pool sanitization
is not common in North America, countries
like Australia which are relatively isolated
from their trading partners tend to use salt-
water generators almost exclusively.

Environmental and economic factors aside,
the required salt levels needed for the
effective generation of chlorine is equal to
3,000ppm which makes the chemical
composition of the pool water almost
undesignable from “saline”. As a result, the
natural chemistry of the pool water is
ideally matched to our human physiology.

&E, BEXETIYRERNEAHRZ—
/KA AR 1972 FHITAZM
Cascade Pools B X & BB, XLE/\EFT]
DR IRERREMAMATAHNSR, REH
REl, FECAKMERNTTREE. IR
REOBAEAFTE,

Y, BRXMKHBESIEEILEH
ANER, BHEERFITXFES R Z K
BN EENERTE/LFE e EAEK

423

WHIRBEMZFEREARAK, ETESR
FrEfIE & 2% T 3000ppm, X{ESith
KB ZR A JLEAE T K. AL,
tKE B AR FEM D SFAIAKEIE

HREIFH L,
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%2 Chemistry In STEM Education

4H,0 + 4NaCl - 4H,0 + 4Na* + 4CI~
4H,0 + 2Na " +2Cl” - 4H,0 + 2Na + Cl,
4Na + 4H,0 > 4Na* +40H™ + 2H,
2Cl, + 2H,0 - 2HCIO + 2H + + 2CI~
2HCLO - HCIO +2ClO + H*

4NaCl + 3H,0 - 4Na* + HCIO + ClO- + OH™ + 2Cl™ + 2H,

The net product of all the chemical reactions above

www.sino-exchange.org

Presenter: Scott A. Campbell

Now you might thing that the chemical
reaction that happens in a salt-water pool is
relatively straight forward.

Salt is converted into chlorine and then
back to salt again. Think again! The actual
process that is happening is quite complex!

So, let's breakdown what's happening.
4NaCL — 4Na* + 4Cl

First salt is dissolved in water which causes
the molecules to ionize.

4Na* + 4CI - 4Na + 2Cl,

Next, using a process of electrolysis, the
charges of the sodium and chlorine ions are
stripped. This will result in the formation of
metallic sodium and chlorine gas inside the
generating chamber. This process is
accomplished using a 12v eclectic charge
and a series of polarized platinum blades.
Now the use of platinum makes these
generators incredibly expensive to buy, but
it’s the only metal that can withstand the
corrosive nature of the chemical reaction.

4Na + 4H>0 — 4Na* + 40H" + 2H;
Then the metallic sodium will instantly

PAERTRESING, ERBPRER
A INE~T EPS =R S

HEEAAR, REXEHLME. B
BR! FAERENEREERSE R
PR, AEBAMNR2F—TIEERENE

=
4NaCl - 4Na* + 4Cl
BAERBHBAREKD, EOTFERE.
4Na* +4Cl — 4Na + 2Cl;

BETR, EHAERIE MBTHES
THEETHRIE. IESTAEXRBEER
ERERMMR T, X—IREEEM 12v
IREFM—RIRMAIAR TR, T
., HNEAEXELEMNBEENAAR
BRCAENER, BEIER—f%K
RUFERNBEHRENEE.

4Na + 4H20 — 4Na* + 40H" + 2H;

REERMEIASKRE, £HER
HHmES.

2Clz + 2H20 — 2HCIO + 2H* + 2CI
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react with water to create hydroxide and
hydrogen gas.

2CI2 + 2H20 — 2HCIO + 2H* + 2CI

And the second reaction that will happen
will be the hydrolysis of aqueous chlorine
gas which will result in the formation of
hypochlorous acid.

2HCIO — HCIO + CIO + H*

This will immediately be followed by the
dissociation of hypochlorous acid which will
result in the formation of hypochlorite and
hydrogen gas.

4NacCl + 3H,0 —
4Na* + HCIO + ClIO” +OH" + 2CI" + 2H;

This all happens in a mere instance, and this
is what net chemical equation for all these
reactions will look like. Now you are
probably saying, wow! That’s complex, but
this is only the first half of what’s
happening. This reaction will then result in
the formation of sodium hypochlorite
(NacClO), which will eventually breakdown
to create salt, a small amount of hydrogen
off-gassing, and a small buildup of
hydroxide over time.

As such the entire reaction will also cause
the pH of the pool to rise slowly. however,
the natural tendency of a pool is for the pH
to drop over time as a result of sweat and
rainwater which are both acidic. Therefore,
the natural by-product of this chemical
reaction actually helps to offset undesirable
trends in the pool natural chemistry.
However, if natural causes do not keep the
pH in check the use of hydrochloric acid
can be used to help regulate the pH.

So, as you can see, something that seems
simple enough actually requires an-depth
study of molecular chemistry. And that’s

BEAENE - NREEEEKAERN
KR, XRSECRERATEM.

2HCIO — HCIO + CIO + H*

A

REERAIBRNER, XBEIFERR
BRMESHEA.

4NacCl + 3H,0 —
4Na* + HCIO + ClO" +OH" + 2CI" + 2H;

X—YIEREE—NEEMTH, X
MEMAXLERTELFETTER. W
AEfROREA, HE! XREZR, BXR
EEBNEIFHD. RE, ZRNES
BURRERM (NaClo) HIfEAK, KRERIA
RAZDBENRE, PESSHE, B
ENERNIER, S'EUYSPERE.

Ait, ENREBESEME pH K18 L
Ft. R, KEHNBEREHZ, BTT
BWHMKEBZER ML, pH BSHEERE
IR T, EiL, XML RRH
KRB LR E BB TIOEK B A
EHNARESE, R, MREBARRE
REEf=H pH 1E, of UFE A ERER Sk #E BB
T pH {E.

PR, ESRATERIR, BOEENE
R EBENS T ULBTRA
5. BB STEM B XAIE! #IP4E
PR, FIRERS R AR
P A, TEAE.
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what STEM is all about! Learning rigours

academic concepts while applying, science,
technology, engineering, and math in real-

world context.
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The Chemistry Of Photography

Photography was once at the cutting edge of science!

www.sino-exchange.org Presenter: Scott A. Campbell

| And that brings me to my next example. | X3 H T RO T—MEIF. BHEAR |
Photography! Now while most people just RARKEZHARBINAHEEE—FMEERN

think that photography is a simplistic art TARER, BREEHSTRI—L5S
form, history teaches us something AEMEH

completely different.
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The creators of these vintage pieces of art often used uranium.
The uranium molecules in the glass irradiated energy within the

visible light spectrum when exposed to high-frequency energy sources.
(This is the same principal as how the Earth converts UV rays to infrared, or heat)

www.sino-exchange.org 49 Presenter: Scott A. Campbell
So, | want to start by sharing this example REBELESAKDEZXNET
with you. It is the most unique request that 155_ ﬁr%;@jaﬂy | By B 45 A9 15
| ever received while operating my K. X2 T IHEEYIEN SRR

company. It was to photograph an entire R, XMEEEM—F 8, BENE

museum collection. however, this glass was R
_ . grass RRITE R4 E S,
unique as the artists was known for using

Hranim: RHRRITEA! SRS AR
Yes! you heard me right! Some of these %% RERTEEER L TEBE
works or art are enriched with uranium. "Eﬁﬂ 2, R, WRBANNAT I
Now you cannot see the effects of the EZIMNIERER T, HERIEEEFE

uranium under normal light. However, if we | E{E AT W t#H 1T858, Gk FX&
apply high energy particles that are outside | £ R 2R B ITRE—1F, EHEARHENE
the visible light spectrum the uranium will GNEEEEAY K LT INRET .
absorb the energy and eradiate it as visible
light. Much like the energy transfer process BRI, X3 2iX A D70 B th ke
that h ns with the Earth which converts
uv ra;spfl::smsthe suneto?nfraredcra;;tioen. 7o MRIREBAE, XARKAN
7. BERZIREIN—HERE, BE
So, this is what these artworks look like in EARVE A ARFTRE B 2 AV 1B 5L R HI HTiX 4
the dark. Spectacular if you ask me. But one BIF R — 2 H .
thing that you will notice is that we were
unable to tell which one of these examples
had uranium based on what we could see
with the human eye alone.

© Sino-Exchange {H9MNES1ER D Page 65 of 93 Hua Quan Village {f£R/\F1)



Presenter Notes: Applied Chemistry in STEM Education

WREBEIT: STEM HE LI FHF

%2 Chemistry In STEM Education

www.sino-exchange.org

50

Presenter: Scott A. Campbell

Therefore, the only way | could go about F, FHAEERXANIENE—7

doing this project for the museum was to FEMET R, ¥IEMEE T AR,
understand chemistry, physics, and the art

of photography.

© Sino-Exchange {H9MNES1ER D Page 66 of 93 Hua Quan Village {f£R/\F1)



Presenter Notes: Applied Chemistry in STEM Education

The History Of Photography

The advancement of chemical processes, and new technologies can be seen
thorough the history of photography. Many of the famous photographers that we
study in art history were in-fact scientists that were at the cutting edge of

innovation for their time!

www.sino-exchange.org
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So now that | have you interested, let’s look

BARTE T IR 1I]E’J>—‘ém_ IERAREER

at some of the chemical advancements that | ;X 4F Sk (i FIE & M EVE Y — L1k 2t
have been made as a result of photography + K ﬁritﬁé}%% AN G
over the years, because many of the FERE RS

famous photographers throughout history

were in-fact scientists.
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The ambrotype was one of the first types of photographs.

* One side of a clean glass plate was coated with a thin layer of
iodized collodion, it was then dipped in a silver nitrate solution.

* The plate was exposed to light in the camera while still wet.
* Exposure times varied from five seconds to over a minute.
* The exposed glass-plate was then developed and fixed.

* The resulting negative, when viewed by reflected light against a
black background, appeared to be a positive image: the clear areas
looked black, and the exposed areas appeared relatively light.

www.sino-exchange.org 52 Presenter: Scott A. Campbell

The ambrotype was one of the first types of | IZIZRIEHENH VW RAXAZ—, H
commercial photographs. With this XFh Tk, B A%_/I\ﬁiﬂﬁfﬁf%
method, photographers would take a R, Y_J:Elﬁfl: =5 Aok ,ﬂﬁ*ﬁ

simple glass plate and coat it with a thin B RIEBHEHEARNBERRSD
layer of iodized collodion which was then w 483 -
dipped in a solution of silver nitrate. The }:413?]3?_?" \%ﬁgﬁjﬂiiii}\)\ifﬂ

plate would then be exposed to light inside N
A * i)
the camera while it was still wet, and this DT, REBHERZRIEE

was incredibly difficult to do. Moreover, the EANEE,
exposure times varied from five seconds to

more than a minutes and this made RiE, WERBEBEE—RIMLEIZ#H
photographing most objects even more {-_rﬂ:ﬁ’iﬂllmo XPMIRENERTET
difficult. —NM1E®R, RARERITEEREEETR

%T%EEME XREEREEREEL
The glass-plate would then be developed .@ XEENEWHXIBLERKD
and fixed though a series o_f chemical e HREMXELS B EENES

processes. The result of this process 7$1
created a negative image, which would o
then be viewed by reflecting light against a
black background which would make the
image appears as if it were positive image.
This was because the clear areas would
appear black, and the exposed areas would
appear relatively light.
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The Daguerreotype

* The daguerreotype was the first publicly available photographic process; it
was widely used during the 1840s and 1850s.

» The daguerreotype image was formed on a highly polished silver surface.

* lodine fumes were used to produce a light sensitive silver iodide coating
(Future scientific discoveries revealed that exposure to bromine fumes
was more efficient than iodine as it greatly increased sensitivity).

* The plate would be exposed to light by the camera. Depending on the
sensitization chemistry used, the brightness of the lighting, and the light-
concentrating power of the lens, the required exposure time could range
from a few seconds to several minutes.

The latent image was developed in a purpose-made developing box. The
process took several minutes and relied on a chemical reaction that was
produced by the fumes that were given off by heated mercury.

Daguerreotype of F"“iss Dbag“e”el in * After development, any unexposed silver halide would be removed using
1544 Uy Jean-Bagtisie Sabatier Blof a mild solution of sodium thiosulfate (Na,S,0,).
www.sino-exchange.org 53 Presenter: Scott A. Campbell

Moving on to Louis Daguerre. The invention | ZE Tk 2K 5 Hr1A & /%, Daguerreotype

of the Daguerreotype advanced SRBEEARNEHERAZTTEEER
photography as this process had BEFNHEE. LIBEEERA, MW
significantly better quality, was more BERSEBH%E
durable than the glass ambrotype, and was

iert k with. 2 AN
easier to work wi I7E, SRS RRE LA

&, XS EHEHIRIRIA SRR
Now the daguerreotype would form an > o
image on a polished silver surface. These HIAEERY, X R BRI B L RIR

highly polished silver plates were then B. AIR, XMESLRAKBREEHE

made light sensitive using iodine fumes REBEITEL T .

which would produce a light sensitive silver

iodide coating. This light sensitive silver BREERTNETERFERK

plate would then be exposed to light inside | 3% —U&{—_rﬁ'ﬁ,o RE, B¥E, FHE

the camera. MmN AR EREFTREEDN
KR

The latent image would then be developed
in purpose-made developing box using
mercury vapors. Then, after development,
any unexposed silver halide would be
removed using a mild solution of “sodium
thiosulfate”.
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Modern Chemical Processes

Unlike historical solutions, modern photographic methods using silver iodine can
provide students with an excellent opportunity to explore cross-curricular

learning!

www.sino-exchange.org 54 Presenter: Scott A. Campbell
While the ambrotype was difficult to MZhRIRHMEANIE, MEIEERSE, RIR
handle and incredibly fragile, and the EMIEBA! LA, XEFERNES
daguerreotype being incredibly toxic! It S EAER AT SN {E FRARREYIE

goes without s?ylng that these methods | BT S R R T R B IR
would be unsuitable for students to learn in SIHS
- Z~ o

school. However, photographic methods
that use silver iodine can provide students
with excellent cross-circular learning
opportunities.
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Pin-Hole Camera: Expose, Develop, Stop, & Fix

www.sino-exchange.org
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Even without fancy camera equipment,
students can explore the scienti