HAOLLA

o SCIENCE
TRAVEL ASSIGNMENT

Atomic Structure « lons « lonic Bonding « Electron Orbitals « Electron Configurations

MissioN Sl PPT & “HE XI2”0lA “dHE = A= X472 =
2 sS4 ¢SS 00| el

2ol |, et=0{2t o M2t I = A2] LHO] BES8HA A0, OFX[2H0]| = St PPT o T 0| X| 2 HEH M
MO 2 FojZ dEots " ItA| LT

Bilingual Contextual Reading & Oral Explanation Guide

School-aligned companion for Lesson 11 and Lessons 12-14

Prepared for travel-based independent study
START HERE

HAOLLA | sawpLeSCience Travel Assignment | 1



o] Ztxle| =X

Ol x| SHi= St Atzo| 2ES UM CHAl @i= AO| OtElLICh. o oo <t PPT 2 o I|O[X[E E%S
a

i, 21 m|ofX|2] s JH'F0| FARUKX|, &t 7HE 2t o{=EA A 2

E|=X[, 2HO[Lt MRIHHX| 7} FAS =X,

A
=
Do AKX E AL 2 A £ QU MHEE AYLILE A F

AlZtol @2 Zef MESLICH 23(= o Hol
2HHSHA L7 20, o2 2ol 2 HO[X|EE S20| 2ot @Fsh= 20] 0] 2tu|ef S LT},
olA S E
MH sts S8
& PPT — g=oiwely] _,  Fo{WEAy _, PPTUEIZEY FYHE

FINAL RULE %|Z CtA = «3ti PPT 8t | O] X| 784 QlL|C},

A& THAOM = O] Xtz 2| o=0f - HO| HES S| A0 = ELICL X2 2[5 SY M= 0 Atz Z&HE EHAM &
X| Gt&LICE ot PPT 2| 3l H|O|X|E E 1, 7|st LiE 1t Ofdeh 2A|E 2|ChSt A Hel 2= x4 elLICt.

rot

FHjo[x] €F2] 7|2 =

WHAT - £aiel7}?

ol Ho|X|7} Ct2 e o

ik
=
im
fio
ot
4n
gl
Jal
0
Hu
Ja}
lo
ot
=
0

WHY - el 523712

O 7HEo| Xt L=, ¥ o, 2, TR X[ OftH Q1ut2tA|E THX| =X| EEELICY.

HOW - O] &S 3t=71?

HZL OIS, AKX i, Mot EME &M 2HYO|Lt #AIS EACHZ ZHELICE

VISUAL - J2I2 2SS B F=712

-2 - MXHHK] - orbital diagram OlM =L 2 2oleh &~ Q= HEE TetL(Ch

CONNECTION - 2t5|et o8| A &HE|=71?

2 HO[X|of| M RS BiZl 1 O] TO|X|7} CHS JHE S 2IoH FRE FH[SH=X| HEYLICE.

HOW TO DO THE ASSIGNMENT

HAOLLA | savpLeScience Travel Assignment | 2



el il K T 0 = ma L]

>3 S :I W |_U ﬂ_., = 1]

& ok %0 X o G B} £

o ° [ EHA = ol 1 R

o = . T o —_ o

E]

= E %! o o o s Ko

30 = H w ™ K = =

i = 1 Bl uu bl b

- B - 8l = or gy I

T Ml O o oF — e 03 p

S o & 3 bY % = <

=) -~ — N 70 =

5 = o = = ) Ko RO e

i) o © — o —-— of =

= 2 Ko T ol N . ]

=) = el A R =

0 ) 8l ol o = = 1ol

R 9

=] L M z iy __M = B0

H_ m; 8 r ﬂm 0. ol

kl o K 2 S o ar ol -

ol [} %0 0 0; =

©; 1] W_._ ol B - X foil =

il E = 0 o oI =) o ok

S = OF B0 O [

m U B e S u S <l i

o ~ B or - el > R0

i W & 5 i ﬁ o ) e

0 7 N = <
ol . o on 5 > & oo H =~
ml O ® X ol s = 0 T3 = D RN
0 R OF — 0 g Ll {o- ol U
[=} ..l._uu m s K 8 g L7 S H T
a W._ = O o [u ol @ A_m I ofl ﬂmw
T 2 ) =y = T o8 oo
m & E z ok W il r . G
T £ N of m oI =3 — o g = N X
& o< Ih} Z0 00 < ™ D S . Br o
ES J = o K58 B0 o 03z Kir ~ 3

=E o o m A > A = = | - noo
EJ_ ~ = oh o7 ol =0 .._._.ﬁ_v W_ il N W_Aﬂ =< o i o ©° W_M
— domy = y = K [N Ko 2 G T o °
N 2 O o T 1 B R H o« tl ur 3 T ®m m o m zn <k
1] = onl _”__.._ o 1o o 3l -t B0 _- ol o
S S = ke 3 U g = o o o 2 T S or ol
s W T W om S T & & W o < T o8 B AT R
oo = T d = T 0oy g N om o X T o o TR
= 9 5 4 T 0= O 3 S i < il f g o = & W o= M0 ow
&= m X R < T 3l F U o ® R W x ¥ 2 =z B X < 4 T
w2 FEL wmly wEg pPL yIT Fxd g dx
o 5 n o = . om Or o =T s X B ol wr ol
E 20 & oo T =y AR RS T m O o .20 H o
a 43 S o & o a 0 = M 8 o H T O X2 S o x
Mo ol RO o T 8 W M ® @ s W g I u o= Rl X 3
or — o Bl & o B0 o K pr R B0 I K ar & 0 " KU or T &
— 2 — T Eo |g_owou — B0 RO — — o K — = — 20 O
mwm T o T A AN T o X K 5 < T b« T 80 oy
.E g i & E o__ M _._L Ao il W= W E il a _A_ﬁ il % @ | mo 17
i N © ] n m © ~ © E3

HAOLLA | savpLeScience Travel Assignment | 3

STUDENT INSTRUCTIONS



Assignment Method - English

Step 1 | Preview the school slides

Quickly move through Lesson 11 and Lessons 12-14 to recover the overall direction of the unit. Do not try

to memorize details yet. Ask: “Where does this lesson begin, and where is it trying to take me?”

Step 2 | Read the Korean contextual text aloud
Read the Korean passages aloud several times. On the first pass, reconstruct the overall flow. On later
passes, pay attention to cause-and-effect relationships, conditions, examples, and details that you still

cannot explain easily.

Step 3 | Read the English contextual text aloud
Read the same ideas in English. Do not memorize every sentence. Your goal is to become comfortable

expressing the science relationships in complete English sentences.

Step 4 | Look at one school slide only
Before recording, look quietly at the slide for about 20-60 seconds. Organize the key concept, why it
matters, how it works, what the visual shows, and how it connects to the previous and next ideas. Do not

use a separate script.

Step 5 | Record a teacher-style explanation in English
Start the camera or screen recording and explain the slide as if you were teaching another student.

Prioritize scientific accuracy and clear relationships over perfect fluency.

Step 6 | Do not restart every time you hesitate
If you forget a word or concept, pause, think, and continue. A moment of difficulty is useful evidence of

what needs more work. The first recording does not need to look perfect.

Step 7 | Retry after feedback
After feedback, review the missing or incorrect idea, then record a fresh explanation. The goal is to correct

the underlying weakness, not simply to memorize the previous answer.

Step 8 | Carry weaknesses into school-style practice
Repeated weaknesses from the recordings should later appear in fresh school-style questions and mock

exams. Stronger explanation must also transfer to new problems and written responses.

EVALUATION
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LESSON 11

Valence Electrons » Stability « lons « lonic Bonding « Names & Formulas
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VALENCE ELECTRONS & PERIODICITY
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St X2 &= transition metals Of| CHSHA = 2| Z=LCt, 0] FHO|M F7tE|= MXHS0| 2HAf 7HE HHZZE

valence shell Off £7}=|= 2 ofL|7| TfE0f|, 22 transition metals 7t group 2 ¥AKE = 7H2] valence

o T
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Hoj F= X =XME 2otof sith= 2 €8 L0

rf

Jé-'l'é'l- 74
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ORAL TARGET O] H|O|X|SS MdHE
Periodic table 2| 2|X| — electron shells — valence electrons — HH2E|= ME0|2t= &

group O|2} HIXSITE Ol A ZLHX] 210, off H|XBEX| TR} =2 AESHAR.

STABILITY, IONS & BONDING

HAOLLA | savpLeScience Travel Assignment | 7



Lesson 11 $t=10{ 2zt 17| @

HAUXIZHHX THE S OfolishH CHS HE2 RIHAR A “IZHCHH fXH= off MXE AL =712 7} EICE S X}
=0i|A 024 0|22 MXHH{X|E H|wSHH, 0| 20| & £
UL} Xtz = 0|42 group 18, = noble gases 2F HZTICH Noble gases = 0fS FEX0| 1 BHE40| %o, Ht
Z MAPAZO| XA ULt 25 8 719| valence electrons 7 XHZ! AEfO] 0, K HIY o L X] =22 helium 2

BR0l= 2 02| TXIF xH A E! AEHOICt,

[H2tA O] A= 9| =2[of| M= #A=S0| 2ot g et TR K|S 0| F 7] 2f8h TAIE 7Lt (gain), 847{Lt(lose),
L= SR(share)gt &= ALt AHoCL 07| M St A2 “RAtsE FX2 8 E thS2{ 1 oL’ = EF SHLHE 2
= 0| ofL| 2}, 2t ot MAEX|2F chemical change & € Z5t= ZO|CH HALE AL Q47 LE SRS A2
X

MXEAERZH R 2R, CHE 2IXER chemical bond & THE &= QUCH

F7|2H9| lX|= of™ 0|2 Tt S0 E 7HsM0| J=XI = 0| F5HA| of ZCt. tu Xt2 9| T FF THEof
Mz HAHE StLE 4™ 1+, = 71 Q4™ 2+, M| 7H 94 3+7} EICH HITHE HXHE M| 7H ¥ 2H 3-, £ 7 2o X
2-, 5Lt 2™ 1-7t EICH Group 18 2 0[0] QFE B HEZ AR S 71X 11 U7| WZ20] O] HoM= E&E 0|22 ¥ Y
SHX| Qb= A O 2 LIEHCACY, m2tA “group $1X| — valence electrons — @ 7L} 24= X} 4 — jon charge” 2|
HAS dHY = AU0{OF BHLCY.

=& 0|0{A metallic, ionic, covalent bonding 2 2 HFE AJHBtCE Metallic 2 metals 2 0|R0{Z!

EX 0t HZAL D, jonic 2 metal + nonmetal, covalent = nonmetals 2t {2 = metalloids AlO|2] Z2& 0= A
7HEICt. o] 7t2d| o] THAIO|A ZHE XEMIS| 2= 242 ionic bonding O|Ct. lonic bonding 0l A= metal =t
nonmetal AtO|0i[A] electron transfer 7} YO{LIH, T A1} positive ion 2f negative ion O] ZHEO{ZICH M= Ht
CH MSHE 7121 0|2 ALO|Ol&= attraction O] M7| 11, 0] I={0| 0|25 &7 E &0t =Ct. et XtE 7t L= ionic

bond 2| 242 HIE 0| positive ions 2t negative ions At0|2] attraction O|C}.

EEStionic compound £ MZ o Xl 22 molecule 9| Xet o2 MHE|X| QH=Ct X2

r|r
rIo
o
ro

O| =X O 2 B &l large crystal lattice 2 EXHTtCE D StC}, M}2FA ionic bonding £2I0|EE HEY =
“electron transfer — charged ions — opposite charges attract — crystal lattice”2t= HA S stLt2| O[O}

7| :E HZEHOF SrCt.

ORAL TARGET O] H|O|X|SS AlHe njj 22 HAS A
Stability 7t 1X0| 11, ion formation 0] 11 CHS0|M, ionic bond = 1 Z3} BHS0{ Xl B M3} 0|2 AFO|<] attraction

YLICE M 22 M= 2| X| Z1 Qlup2tA = HSHA K.

NAMING & CHEMICAL FORMULAS
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0|2 Zeto| HME|H O|H| & 7HX| 48X Q! 50| HRSICL M= 2tetE2| 0|§2 SHIEA 20|= A0|1, &
u= o] 22| MstE o] Metst chemical formula £ A= Z0|Ct &t Xt=20| A Eha=%t ionic compound 7t
ot ZF2| metal 1t oF 72| nonmetal Z 0|F0{Zl 22, 0|2 metal 2 HA M1 nonmetal 2 F HWE £
C}. o} nonmetal 2| 2222 -ide YE{ = HHELE J24A sodium + chlorine & sodium chloride,
magnesium + fluorine & magnesium fluoride, aluminium + oxygen 2 aluminium oxide 7t EIC}, 22

X|O 2 beryllium nitride, lithium sulfide, sodium bromide & 2= 4= ULt

ststAlof A= o Z2%t 2|7t 8tLt ULE lonic compound 2tofl= positive ions 2+ negative ions 7+ B Q!
X2k, steh= TA|ofl= overall charge 7t 100F BtCt & TA| positive charge 2 T K| negative charge 7t M2
balance =|0{0f $C}. Sodium ion 2 Na+0| 1 chloride ion 2 CI-0|2Z +1 2} -1 0| $F 7H4 oLt 0 of EIC, ot

2t H|E2 1:1 0|12 formula = NaCl O|C}.

8tH magnesium ion 2 Mg2+0| 11 chloride ion 2 Cl-O|Ct. Magnesium StLE7L +2 & 7HX| 22, 0| & A5}
H{H -1 2 7t chloride ion O] & 7§ ER3ICt J2iA] jon ratio & 1:2 7t |11 formula = MgCl2 7t EICL. O] G| A|

= formula 2| OF2{ X7t Ete=ot TAI0|L} 2| 0F & X7} OfL|2f, OIS ZHAIF = YRSl HIES LEHHCH=

A Ho ELt
St At2 = w2 2HHO 2 criss-cross shortcut & 270} $F 0|22 charge number £ CHE 0|29

subscript 2 &7|= WA0|Ct, 2[Z Mo M= charge signs 2F subscript 1 2 MX| @=L}, sHX|2H AR A-HOM =

shortcut XtH[ECE e O H|Z0| EHR

rot

X|E MET 4 A0{Of BICE, Criss-cross £ 2= positive charge total

1t negative charge total 0| ZOtX|= 71& 7HEhet ratio £ &= W O[C.

K20 M HAISH= 34 24 MxH= HESICH HE periodic table OflA fAE 210, 2IX|E 0|84l ionic
charge € Mot Ct3, charges 7t balance === H|E&& 3310, OFX|H 2 2 symbols 2t subscripts £ 0| &3
formula & £Ct. 0] 2 S XM Al203, Be3N2, Li2S, NaBr, CaF2, Mg3P2, K20, AlP, CaO 2t &2

formula € 2t= = ALt 244 S 2| R7|2Ct “ToL Y 70|2ts Stitel |E|2 2S00 & 4= A0{0F BTt

MASTER SENTENCE Lesson 11 MA|E ¢t 2&O 2 UstH
Electron structure determines valence behaviour; valence behaviour affects stability and ion formation; ion

charges determine ionic attraction and the charge-balanced ratios written in ionic formulas.

VALENCE ELECTRONS & PERIODICITY
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Lesson 11 English Contextual Reading @®

Understanding atomic structure is the starting point for understanding why different elements
react and bond in different ways. One of the most important ideas is the valence electron, an electron
in the outermost occupied shell of an atom. The lesson emphasizes that the number of valence
electrons determines many properties of an element. To understand chemical behaviour, we
therefore need to pay special attention to the outer electron structure rather than looking only at the

nucleus or the total number of electrons.

When we look across the periodic table, chemical properties do not appear randomly. Similar
patterns repeat at regular intervals because electrons occupy energy levels, or shells, and the pattern
of outer electrons also repeats. This helps explain why elements in the same group often have similar
properties. A strong explanation should not stop at “they are in the same group.” It should connect
group position to similar outer electron structures and then connect those structures to similar

chemical behaviour.

The school material also gives a special reminder about transition metals. In this part of the
periodic table, the added electrons are not necessarily added to the outer valence shell, so many
transition metals are treated as having two valence electrons, similar to Group 2 elements. The wider
lesson is that the periodic table should be read as a map of electron structure and repeating patterns,

not just as a list of element names.

ORAL TARGET Oral explanation target
Say the chain clearly: periodic-table position — electron shells — valence electrons — repeating chemical
properties. Explain why elements in the same group are similar instead of simply stating that they are

similar.

STABILITY, IONS & BONDING
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Lesson 11 English Contextual Reading @

Once the pattern of valence electrons is understood, the next question is why atoms gain or lose
electrons. When the electron structures of the ions in the lesson are compared, an important pattern
appears: the ions have full electron shells, similar to Group 18 elements. Group 18 elements are the
noble gases. They are very stable and very unreactive, and they have full outer shells. In the pattern
used in the school material, this normally means eight valence electrons, or two electrons in the first

energy level for helium.

The lesson therefore explains that atoms may gain, lose, or share electrons in order to achieve a full
valence shell and greater stability. The important idea is not to memorize a single slogan about
“getting eight electrons,” but to understand the relationship between electron arrangement, stability,
and chemical change. When atoms gain, lose, or share electrons as they interact with other atoms,

their electron arrangements change and chemical bonds can form.

For many main-group elements, the position of an element in the periodic table also helps us
predict the charge of the ion it may form. Losing one electron gives a 1+ ion, losing two gives a 2+ ion,
and losing three gives a 3+ ion. Gaining three electrons gives a 3- ion, gaining two gives a 2- ion, and
gaining one gives a 1- ion. Group 18 is shown as forming no ions in this simple pattern because its
atoms already have full outer shells. A useful reasoning chain is therefore: group position — valence

electrons — electrons gained or lost = ionic charge.

The lesson then introduces metallic, ionic, and covalent bonding. Metallic bonding is associated
with metals; ionic bonding is introduced as bonding between a metal and a nonmetal; and covalent
bonding is associated mainly with nonmetals and sometimes metalloids. The lesson then focuses on
ionic bonding. In ionic bonding, electron transfer between a metal and a nonmetal produces
positively and negatively charged ions. Opposite charges attract, and the school material defines an

ionic bond as the attraction between positive and negative ions.

lonic compounds are not described as separate individual molecules. Instead, many ions are
arranged in a large crystal lattice. A complete explanation should therefore connect the steps as one

process: electron transfer — charged ions — attraction between opposite charges — crystal lattice.

ORAL TARGET Oral explanation target
Connect stability, ion formation, and ionic bonding as cause and consequence. Do not present them as

three unrelated facts.

NAMING & CHEMICAL FORMULAS
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Lesson 11 English Contextual Reading ®

After ionic bonding has been introduced, two practical skills become important: naming ionic
compounds and writing their chemical formulas. For a simple ionic compound made from one metal
and one nonmetal, the metal is named first. The nonmetal is named second, and its ending is
changed to -ide. Sodium and chlorine therefore form sodium chloride, magnesium and fluorine form
magnesium fluoride, and aluminium and oxygen form aluminium oxide. The same rule is used for

names such as beryllium nitride, lithium sulfide, and sodium bromide.

Writing the formula requires an additional principle: an ionic compound has no overall charge. The
total positive charge and total negative charge must therefore balance. A sodium ion is Na+ and a

chloride ionis Cl-. One +1 ion and one -1 ion balance in a 1:1 ratio, so the formula is NaCl.

Magnesium provides a more useful example. A magnesium ion is Mg2+, while a chloride ion is Cl-.
One magnesium ion therefore requires two chloride ions to balance the +2 charge. The ratio is 1:2 and
the formula is MgCl2. The subscript is not an arbitrary number to memorize; it represents the ratio

needed to make the total positive and negative charges equal.

The lesson also introduces the criss-cross shortcut. The numerical value of each ionic charge is
moved to become the subscript of the other ion. Charge signs and subscript 1s are not written in the
final formula. However, the shortcut should always be understood as a charge-balancing method. The
real goal is to find the simplest ratio in which the total positive charge equals the total negative

charge.

The school procedure is therefore: find the elements on the periodic table, determine their ionic
charges from their positions, balance those charges, and then write the formula using symbols and
subscripts. This process produces formulas such as Al203, Be3N2, Li2S, NaBr, CaF2, Mg3P2, K20, AlP,
and CaO. The goal is to generate these formulas from the rule rather than memorize each one

separately.

LESSON 11 Master sentence
Electron structure determines valence behaviour; valence behaviour affects stability and ion formation; ion

charges determine ionic attraction and the charge-balanced ratios written in ionic formulas.

PAGE-BY-PAGE ORAL PROMPTS
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Lesson 11 - PPT &t I{|O| X| &l 2¥5}7|

Valence Electrons
o AXPZIEXIIL 2 ARUK| L5t |
o off ZhEHHPZ MXF of oA A AF =X HoT|

i e |

lon electron structures
J/HRElK| 0N BECZ Ho|= EF UdtY|
« full shell O] noble gas stability of | HAZE[=X| Zst7|

lons & group position
« group $/X[E 21 6| & ion charge & €A Hst=X| dHst7|

« lose — positive / gain — negative 24| Zo}7|
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NaCl formula
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Criss-cross shortcut

o AHS M|

« shortcut 0| &% 2= charge balance £ LIEFAHCH= |0 7kX| &
7|

[y

re]

t

Periodicity & Electron Structure

HXPAE I} valence electron pattern O] off BHEE[=X| S} |

Z2 group o H47} ol H|xot S =S JHX| =X AESH|

Noble gas stability

« Group 18 0| &ff stable/unreactive $tX| dE3}7|

« gain, lose, share electrons 7t 9 SEsH=X| &5}

Types of bonding

« metallic /ionic / covalent 2| 2 712 57|
« 0| £H2I0f| A 2ff jonic bonding 22 x£F0| 0|S8H=X| Z5t7|

Naming ionic compounds

« metal first, nonmetal second & ¥3}7|
o2l -ide 7t =X GAI2 20| F7|

M
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LESSONS 12-14

Schrodinger Model « Shells « Subshells « Orbitals « Filling Rules « Configurations

o| Erglo| 3 23t

CORE IDEA MX} “HE 7S O MEet &HE - of| x| 2 =2 HHs}= T
Schrodinger model 2| probability 2t&0i| A shell, subshell, orbital £ #1251, Aufbau - Pauli- Hund #2202 H

K= dHX|5t0] orbital diagram 2t electron configuration 2 ZA4st= SEQIL|CH

e

|ok

Probability Shell - Subshell - Orbital — 3fillingrules _3 Configuration

stm PPTE S 1 A4 25 TR

« 0| orbital o] 2&O|L} HiX|= FAE HH F=71?
o O] ZXt= 2lf Of orbital 0| HXN S ZU=71?

« Aufbau, Pauli, Hund & ({8 #2l0| X|2 HEE|=71?

rr

« 2|Z 1212 electron configuration @ 2 {EA| HIE £ AE=71?

SCHRODINGER MODEL & ORBITALS
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Lessons 12-14 $t=20{ B2t 17| (D

QA EHRIUA MXHE F2 shell T2 EJXCHH, Lesson 12-14 KA = Xt oto] HAHE O M2 stA| MEHBICE. O]
At2o| ZH AR “Schrodinger 2 model O] MXt| behaviour & O{EA| O[slistA| f Z=7+270|Ct, gt Xt
= HXp7t wave MEH #HESE 4 Q7| tf20f| mathematical equations £ 0|83l probability functions 2 &H

11

o o= QUCHD HMAIRICE, & FAHE Ehed| FollTl o 22 W2t E= A2 o= M5y | 2L, |Xfs FHO| o=

0| 2tE0fl M shell, subshell, orbital & &2ts| L 28H0F otCt. Shell 2 HXEZL XX = Y= energy level O]
M n=1, 2, 3 2t Z2 principal quantum number 2 EA|EIC}, Subshell 2 8tLt2| shell otofl ZxY5H= o 22
energy sub-level O|C}. Orbital 2 nucleus FHO|A| electron 2 YA probability 7t &2 region of space
O[C}. [t2kA] M| THO{E H|XBH 2O 2 410 A OF ZICH 2 XM 22 X Z EH shell 2H0f| subshell 0] 110,

subshell 2 orbital £ FA|3H=ICt O|s{sHH =ICt,

St Xt20| M= St orbital Off 012 4= Q= MALZFA|CH 2 7HEt D M HSHH 0|24 2 Pauli exclusion principle
0

1 HZSHC}, EESH orbital 2 The$t 2F0| OtL|2t 2 FHENE 7HEICE s orbital 2 spherical shape 0|11, p

o
-
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O
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©
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°
=
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O= =Y £ UL} K== 0|28t shape 7t bonding 0l A{ orbital O]
24| overlap St=X|2te HAEICE D YHHCE J2{2 2 orbital I 20| LIQ™ ZFTHO|E Z0|X| 211, 2 O&0|

“electron O| & AE 7ts40| &2 57172 LIEPHCH= E kK| ZESHOF oLt

ORAL TARGET O] H|O|X| S MHE nfj 22 AAHE 74
Schrodinger model — probability — shell/subshell/orbital hierarchy — orbital shape 2| SE&2 HstMIR. “s =

S0 p = 0rE 270l M BLIH S=25HX| gfSLICH

ENERGY FILLING: AUFBAU, PAULI, HUND
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Lessons 12-14 $t=0{ W2k 217] 2

042{ orbital O] Zx{e wf X7} OFF 2of|Lt S0{7H= A2 OFL|CH &t it Xtz 9| electron energy filling
diagram 2 71 22 energy 2| orbital 0| I =2 energy orbital 2Ct HX x{{JXICt D 20f £C}. 0| 7|2 S &

S 0|5lfst™ electron configuration 2 2| E CHAL of O3 M7t HEOX[=XE HHE £ QUL

R HIW 221 Aufbau principle 2 electron 0] 0| 7Hs¢t orbital & lowest energy level £E HA{ X{2Ct
10 YBtoE w2k MXHS B[ mis 8l 2H0] 2ol 170l 2|2 '@= 20| OtL|2t energy order £ 2O} it
= Pauli exclusion principle 2 §Xt | & St electron O] &3] Z2 quantum state E SA|0]|
7hE! 4 glctn Masict, st XtZof| A = o] ’l2| 7} 8t orbital off E0{Z 4= L= electron O Z[CH & 7H2H= AtA T}

HZE[Of /UL

4n

M| HIH Q! Hund’s rule 2 Z2 subshell ¢toll 22 energy £ 71%l 0421 orbital 0| Y2 [ M EEIC}, SLIC|
orbital 0| & electron S HtZ pair A|7|= 20| OtL|2}, HA| Zt2E9f orbital 0il electron & ot & =C}. J2| 1

singly occupied orbitals 2| electron 2 22 spin 2 7}X0F ot} 2= Z2-energy orbital Of SHLIY S0{7F £

oi[Of pairing O| A|ZFEICE, [2tA orbital box diagram 2 = U= thed| SHAHE 7H~E M= 40| ofL|2t, “off M

FIO

X ot i mEE2| 3 LESOf| pair Al7[=71278 Hund’s rule 2 AH3H{0f DHCY

St Xt= 2| iron electron filling diagram 2 O M| ##+£10] &M 2 A M &&= 2 ol0[Ct. Filling 2 7t &
2 energy 91 1s £ A|Ztst1, 25 2 M| 7H2| 2p orbitals 2 O|0{ZICE 2p orbitals & 22 energy 0|2 2 Hund’s
rule Of tt2t 2t orbital i electron O] 3L HX| S0{2t & pairing EICt. Iron 2| £/ HA|0f| M= electron S0
3d orbitals 0 Z0{7}0, O] = Hund’s rule Of 2t HHX| =0 6 72| 3d electrons & 4 77} unpaired &ElZ

=Lt K=o A 2Fetrt,

DR A5 DY o] o

»

1“2 energy FE A|ZRUCE —> ZH2 energy orbital 0= ot 7 MK Ut —» Y
x oSt

i pairing Z{C e dESIN 2.

ELECTRON CONFIGURATIONS
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Lessons 12-14 $t=20{ B2t 217]| (3

O|H| energy filling #%/2 &K electron configuration 22 EE 4 QUCH &1 XtZ &= potassium 2 0| 2
E0{ 15?252 2p®3s? 3p® 45’ 0|2t £2C} Of7| M 1s, 25, 2p, 3s, 3p, 4s = Zt2Z subshell 2 LIEILHH, 2lof| 2
superscript &= 1 subshell 2t0f| = electron o s~ LIEHMLY. [IH2tA] electron configuration & Bt 24t
oF =Xt LtEO| otL|2t, O energy structure 0 electron O] H{EH| EX [0 YE=XIE LEsHA EsH 220t
ZLh

Xt2& phosphorus 2| configuration = 1s? 2s? 2p® 3s? 3p® 2 HM|A|BICE. Ol 3p* £ orbital diagram 2
2 sl Hund’s rule 2 &3l Z2 energy 2| p orbitals 0ff HX] electron S St Y X|SHOF BICH =
electron configuration 2 orbital diagram 2 M2 CHE FH|7} OtL|2} STt electron arrangement & M2

CHE gAloZ T3t Z40|C},

>

MKt =7t BOLX|™ MA| configuration 2 O Z A M= 20| SH Y 4~ QUCE A Stul XtE = abbreviated
form & 27tCt, Potassium 22| noble gas @ argon 2| MA| configuration 0] 1s? 2s? 2p® 3s? 3p® 0|2 2,
potassium 2 0| inner configuration 2 [Ar]2 F0{ [Ar] 4s' 0|2t11 £ %= RUCL. Argon XM= O|H noble gas
Ol neon S O|2dl [Ne] 3s?3p® = £ £ 4= ULL S £ noble gas symbol 2 0|0] 2H4 El inner

electron configuration ®A|E CHAIBICE,

[}2fA Lesson 12-14 2| 2[Z S = #2]9| 0|52 2|R= A0M BLIX| 84=Ct. Schrodinger model 2
probability 2t&0l| M shell, subshell, orbital £ T1&35t11, orbital shape 2t energy ordering £ 0|8l &,
Aufbau, Pauli, Hund 2| #&I2 A| diagram ofl H&3st1, 1 21t E full electron configuration 2t

abbreviated configuration @ 2 E& et 4= QU0{0f BiCt,

MASTER SENTENCE Lessons 12-14 MM|E ¢t 2XH O 2 UstH
Probability-based electron structure is organized into shells, subshells, and orbitals; electrons fill those
orbitals according to energy and the Aufbau, Pauli, and Hund rules; electron configurations record the

resulting arrangement.

SCHRODINGER MODEL & ORBITALS
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Lessons 12-14 English Contextual Reading @

In the earlier material, electron structure was often described mainly in terms of shells. Lessons 12-
14 move to a more detailed model of electrons inside atoms. The central question is how
Schrodinger’s model helps us understand electron behaviour. The school material explains that
electrons behave like waves, so mathematical equations can be used to describe them in terms of
probability functions. Instead of imagining an electron only as a tiny object travelling along one fixed

path, this model focuses on regions of space where the electron is likely to be found.

To understand this model, we need to distinguish shells, subshells, and orbitals. A shell is an energy
level that electrons may occupy and is labelled with a principal quantum number suchasn=1, 2, or 3.
A subshell is a smaller sub-level of energy within a shell. An orbital is a region of space around the
nucleus in which an electron will probably be found. These are not three interchangeable words; they

describe different levels of organization in the electron structure.

The lesson states that a maximum of two electrons may occupy each orbital and connects this with
the Pauli exclusion principle. Orbitals also have shapes. An s orbital is spherical, while a p orbital has a
dumbbell shape and can be oriented in the x, y, and z directions. The school material notes that
orbital shapes also affect how orbitals overlap in bonding. When explaining an orbital image,
therefore, do more than name the shape. Explain that the shape represents a region where an

electronis likely to be found.

ORAL TARGET Oral explanation target
Connect Schrédinger model — probability — shell/subshell/orbital hierarchy — orbital shape. Naming the

shape alone is not enough.

ENERGY FILLING: AUFBAU, PAULI, HUND
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Lessons 12-14 English Contextual Reading @

When many orbitals are available, electrons are not placed randomly. The electron-energy filling
diagram in the school material shows that lower-energy orbitals are filled before higher-energy
orbitals. This energy order provides the basic structure for writing electron configurations and orbital

diagrams.

The Aufbau principle states that electrons fill the lowest available energy orbitals before occupying
higher-energy orbitals. The Pauli exclusion principle is stated as the rule that no two identical
electrons in an atom can occupy exactly the same quantum state at the same time. In the structure of

this lesson, it is also connected to the fact that a maximum of two electrons can occupy one orbital.

Hund’s rule applies when several orbitals within the same subshell have the same energy. Each
orbital is occupied by one electron before any orbital becomes doubly occupied, and the singly
occupied orbitals have electrons with the same spin. In practical terms, electrons spread out across
equal-energy orbitals before they begin to pair. This is why the pattern in an orbital-box diagram

matters: it records the rules that determined the arrangement.

Theiron electron-filling diagram in the lesson shows the rules working together. Filling starts with
the lowest-energy 1s orbital, followed by 2s and the three 2p orbitals. Because the 2p orbitals have
the same energy, Hund’s rule requires one electron to enter each orbital before pairing begins. As the
iron atom is completed, the final electrons enter the 3d orbitals. The material notes that the 3d
electrons are also arranged according to Hund’s rule, leaving four of the six electrons at this energy

level unpaired.

ORAL TARGET When explaining the iron diagram
Describe the process, not only the final picture: lowest energy first = one electron in each equal-energy

orbital = pairing only after the available orbitals are singly occupied.

ELECTRON CONFIGURATIONS
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Lessons 12-14 English Contextual Reading ®

The filling rules can now be written as an electron configuration. The school material gives
potassium as an example: 1s? 2s? 2p® 3s? 3p® 4s’. The labels 1s, 2s, 2p, 3s, 3p, and 4s identify the
subshells, while the superscript numbers show how many electrons occupy each subshell. An
electron configuration is therefore a compact record of how electrons are distributed among the

available energy structures.

Phosphorus is given as another example: 1s? 2s? 2p® 3s? 3p°. If the 3p® part is shown as an orbital
diagram, Hund’s rule must be applied so that the three equal-energy p orbitals receive one electron
each before any pairing occurs. Electron configurations and orbital diagrams are therefore two

different representations of the same underlying electron arrangement.

The lesson also introduces abbreviated electron configurations. Argon has the full configuration 1s?

25?2 2p® 3s? 3p°®, so potassium can be shortened to [Ar] 4s’. Argon itself can be written using the
preceding noble gas neon as [Ne] 3s? 3p®. The noble-gas symbol in brackets represents the completed

inner part of the electron configuration.

The final goal of Lessons 12-14 is therefore not simply to memorize the names of three rules. A
strong explanation should connect the probability-based Schrodinger model to shells, subshells, and
orbitals; connect orbitals to their shapes and energy order; apply Aufbau, Pauli, and Hund to actual
diagrams; and then translate the resulting arrangement into full and abbreviated electron

configurations.

LESSONS 12-14 Master sentence
Probability-based electron structure is organized into shells, subshells, and orbitals; electrons fill those
orbitals according to energy and the Aufbau, Pauli, and Hund rules; electron configurations record the

resulting arrangement.

PAGE-BY-PAGE ORAL PROMPTS
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Lessons 12-14 - PPT St I

Schrodinger Quantum Model

« MXIE probability 2 E3HsICH: S22 MHL7|
« 0| 20| tha3t fixed path I8!0t o€ H| CHEX| Zst7|

Shell/ subshell / orbital
o Ml 7HE S Holst MZ o= H CHEX| HHst7|

« orbital 2 %|CH 2 electrons £ HZs}7|

Energy filling diagram
« 2l lower energy orbital 0| X & X[=X|
o J210| 2ME X2 metr}y|

Hund’s rule
« o 22 energy orbital off HX| 3t JHX S0{7H=X]
« pairing O] 2H| A|ZtE|=X| 25t7]

Writing configurations

Applying 3 rules

« 5tLt2| orbital diagram il Aufbau, Pauli, Hund 7+ ({2 A| SA|of|
HMEBE[=X| ZEehA Lot7|

SPEAK LIKE A SCIENCE TEACHER

O] x| ¥ 25}

Wave / probability

« electrons behave like waves 2= 2%0| 2ff probability function
O 0|0{X|=X| ¥E3Y|

s and p orbitals
52t p 2| shape E 23}7|

* O shape 7t “HZH A 7H5 40| £2 37470|2t= o|0|2t HES}|

Aufbau & Pauli
o Ztrule 2 x| Y= Folst7|

o &H| diagram 0| M 2}2t RS H|BHot=X] 25|

Iron filling diagram
« 1s BE{ filling sequence £ ME3}7|

*2p 2t 3d 0llA Hund’s rule O] O{%€H| 20| =X|

« 9ff unpaired electrons 7t E=X| XtRCHZ Ls5t7|
Abbreviated form

o [Ar], [Ne]7t RAE CHAIBH=X]

« 9ff abbreviated notation 0| 7H58tX| MH3}7|
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Ho| LE HF EH

of2ff #oI2 EMZ A7 He= AELICE ot PPT £ dEY mf ufshd 2HA| S XIHA- A HESH| 9ot 2%
HH{CH 2 EH25tM|R.
7Is o] #H
Ho| “Thisrefersto...” / “An orbital is a region of space where ...”
el “This happens because ...” / “The reason is that ...”
A3t “As aresult,...” / “Therefore, the atom ...”
AT AZE “This connects to the previous slide because ...” / “This prepares us for ...”
a2l sl “In this diagram, we can see that ...” / “The important pattern hereiis ...”
Hj2 “The difference between Aand Bis...” / “Both show ..., but ...”
i HE “According to Hund’s rule, ...” / “Using the Aufbau principle, ...”
GllAl “For example, ...” / “A good example s ...”
i3 “We can check this by looking at...” / “The charge balances because ...”
ops2| “So the main idea of this slideis ...” / “This is important because ...”

S0l 2H0| =3 SS2[C2tE M JHE D 2HAI S ENX| LESHHQ. HE = 2 -0 B2 B2 uFY = UK

TRACKER
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o A M= M32|AE

of2fl Ei= “2= S2t0| =5 oHF0| BHCE = 2| 0] 7F OFELICE. o LFof| 3 Lt=0f Tidlista, ot ol 52

5| HHE|US W M 2SHM K.

o =uH A=
Lesson 11 Valence electrons / periodicity O O O
Lesson 11 Noble gas stability / ions O O U
Lesson 11 Types of bonding / ionic bonding O O O
Lesson 11 Naming ionic compounds ] ] ]
Lesson 11 NaCl / MgCl2 / charge balance O U U
Lesson 11 Criss-cross / formula practice O O O
Lesson 12-14  Schrodinger / probability O O O
Lesson 12-14  Shell / subshell / orbital Ol (| |
Lesson 12-14 s/ p orbital shapes O O O
Lesson 12-14  Energy filling / Aufbau / Pauli (I O O
Lesson 12-14  Hund’srule /iron diagram (I 1 ]
Lesson 12-14  Full electron configurations O O O
Lesson 12-14  Abbreviated configurations (I O O

BEFORE RECORDING
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o I Lh= “f?772ts BE0f| 0| o Ee 4= UL
o O Lh= J2/H/HXHIX| 0| M =0il 20|= FEE o 7HX| o] & sii Mg 4= LY.
o L= 2 HO|X] 2= CHS HofX| ko] HES Y 4= AL

« [JLH= O X2 SF2 x| 941 3t PPT BH =131 Mayet ZH|7h £|ct.

CLOSED LooP M|Z 0|5
L =0 M EX 2fH 0| &l x| ™ sl I|O| X| Tk CEA| St&stn M| SAOZ AT BILICH Z2 IHH2 0|2 MZ22 AT &

Mot ot AEHY 2 O| AL A = CHA| ZHIBtLCE,

0.

SOURCE ALIGNMENT
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st el HlE

O| XtZ2 &= stuof| M |23t G10 “The Particle Nature of Matter” X2 = Lesson 11: Nuclide Notation and
lons, 12|11

Lesson 12-14: Electron Orbitals and the Periodic Table 0] =& A&l 7HE - 201 - 0f|A|2] B2
S dZGAM 27| #2 HEOE MR Mt st EX X2 QLT
SHO| A 7HE SR8t AlZF CEARILICE O] EME

= PPT E UiAS= E
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= HQFS mf 1 ote] JHY
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S 5l Y2z

HEY & A CtE= FH| AFELICH
I~
XE =R
END GOAL “2|RCH’7} otL|2} «dHE 4= QUCL.”
oon Sto Z2to|Eo sHAl - - J2! - MAHYX|S 20, tMst 2XO 2 2A|9} 0| R E 28I, M| 2R|0IME
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HAOLLA

Context — Retrieval = Explanation = Feedback — Retry — Verification
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