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Training for Educators
Quantum Chemistry

Primary Level
Ages 5-11
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Purpose of the lab ot

* The purpose of this lab kit is to enable
students to understand atoms through theory
and demonstration. The manual introduces
the students to atomic models.

e The main takeaway is:

* The Rutherford atomic model has a dense
nucleus, with electrons surrounding the nucleus,
and contains a lot of empty space.
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Summary of experiments

Part |:
Model atom
with dense

Extension
Challenge:
Model an
additional
atom

nucleus and
surrounding
electrons

There is 1 activity and 1 extension challenge.
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« Spherical-like candies of
three colors (or
compressed foil balls of
three colors)

* Toothpicks

« Dark string (or pipe
cleaners)

* Marker
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Safety considerations

Before the students begin the laboratory, please take
into consideration the following safety concerns:

« Students should not eat or taste items during experiments.
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Setting up your space

WOMEN SUPPORTING
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« Gather your supplies and separate by experiment(s) on your table.

* These are our recommendations:
» Each student should have a pencil or pen.
Groups of 2-4 students can be given the following supplies:

» Spherical-like candies of three colors (at least 8 per group) (or
compressed foil/paper balls of three colors)

» Several toothpicks
* Length of dark string (approx. ~0.5 m) (or ~4-5 pipe cleaners)
» Paper (at least 2 pieces)
The class can share the following supplies:
* Marker
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Part |. Candy Atomic Models

* Set-up:
» Each group of 2-4 students gets spherical-like candies of three
colors'(at least 8 each), toothpicks, dark string, and paper.

 Procedure:

« Students should join together candies of two colors in a dense
ball and use two lengths of string to make concentric circles
around the nucleus. Students should then place candies of the
third color on the inner and outer circles of string.

* Results:
 Students will see that they have created a Rutherford model of
the atom. If the students use 8 of each candy, they will have
modelled the oxygen atom.

The takeaway is that the Rutherford atomic model has a
dense nucleus, with electrons surrounding the nucleus, and
the atom contains a lot of empty space.
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Part |. Candy Atomic Models

Candy Atom

SRR, §

Example of candy atom model
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Extension challenge

* Students are asked to create another atom of
a different element. It is recommended they
choose an atom in the first two rows of the
periodic table.

* Questions to ask the students (encourage
students to browse the periodic table)
* What atom did you choose to model?
* How many protons and neutrons do you need?

* How many electrons do you need? Where will
they go in your two orbitals?
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Appendix

NIST

PERIODIC TABLE

Group . P . f h E I National Institute of
1 Atomic Properties of the Elements e 18
1A VIIIA
1 s, Frequently used fundamental physical constants Physical Measurement Standard 2 s,
For the most accurale values of these and cther conslants, visit physics nisLgoviconsants Laboratory Reference Data He
1| Hyerogen 1 second =9 192 631 770 periods of radiation corresponding to the transition www.nist.gov/pml www.nist.gov/srd Helium
N o between the twa hyperfine levels of the ground state of “Cs i
te 2 speed of light in vacuum ¢ 299792458 ms (exact) [ solids 13 14 15 16 17 16t
13,5984 1A Planck constant h 6.62607x10%Js  (h=hizm) [ Liquids 1A IVA VA VIA VIA | 245674
3 s,.|4 s, elementary charge o 1.602 177 x 10°°C Gatos 5 %,]6 7|7 5,8 P9 7?10 s,
Li B electron mass m, 910938 %10 kg . C N o) F N
2 1 € mec? 0,510 999 MeV [T Artifi lly €
e R n ismemitis Prepared e | oo,
1ei2s o fine-siructure constant e MRS Wt | wlalnt | tdateet | teladint | stz | teasta
53817 8.3227 Rl o sty g” ;Z:gzﬁézgg ;’(‘].SH 8.2980 112603 | 145341 | 136181 | 174228 | 21.5645
2 g ¢ . x 2 200 D e 3 20 D
11 s, [12 s, Rohc  13.60569 eV 13 ‘F5, |14 P 15 *s;, |16 P, |17 P, |18 's;
Na Boltzmann constant k 1,380 6 x 107270 k' Sl. S Cl
3 Magnesium Aluminum Silicon Phosphorus Sulfur Chlorine Argon
22.98976928 24, " 3 4 5 6 7 8 9 1 0 ‘I‘I 1 2 26.9815385 28.085* 3097376200 32.06" 3545 39.948
[Nejas [Nlas® Nel3s™ap | [Ness®sp | [NelasTap’ | Nejss’sp' | [Melastapt | IMejas’ap®
5.1391 7.6462 mBs IVB vB viB VviB vl 1B 1B 5.9858 81517 | 10.4867 | 103600 | 12.6676 | 16.756
19 5,120 's,(21 p,[22 °F, |23 °‘F,|24 's,|25 ‘s.,|26 °0,|27 ‘F,, |28 R (29 5,30 's,|31 ‘P, |32 |33 ‘i, (34 |35 P5,(36 s,
e . A
3 K | Ca| S | Ti Cr n| Fe | Co | Ni |Cu|Zn | Ga | Ge | As | Se | Br | Kr
5 4| poassun | Cokiom | Scandum | Thanum | Vanadum | Chomum | Manganese | lron Cobalt Nickel Copper Zinc Gallum | Gemanum | Arsenic | Selenum | Bromine | Kaypion
2 39093 | 40078 | 44955908 | 47867 | 509415 | 51991 | 54.938044 | 55845 | 56933194 | 586934 | 63515 65.38 69.723 72630 | 74921595 | 78971 | 78904° | 83.798
[Ar4s [Arts® saass | aradiast | (anactsst | panaess | adse’ss® | [amaess” | apdas’ | (amadss’ | aee™ss | (agpa™as’ | [anaa™ssep |(anaeCasap? | panadastep® | anao s ap | anae®as’ap® | (arae ®astap®
4.3407 6.1132 6.5615 6.8281 6.7462 6.7665 7.4340 7.9025 8810 9.3942 5.9993 7.8994 9.7886 9.7524 11.8138 13.9996
37 *s,(38 s,|39 0, (40 °r, |41 ‘D,(42 's,(43 ‘s |44 C°F |45 °F,|46 s,|47 ‘s, |48 's,[49 P;, |50 m (51 ‘*s;, (52 °p,|53 ‘P, (54 s,
St | Y | Zr | Nb |[Mo | Tc | Ru | Rh | PPd Cd | In | Sn | Sb | Te | I
5 Rubidium Strontium Yitrium Zirconium Niobium [ Molybdenum | Technefium | Ruthenium Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
85,4678 B7.62 | 8B.90S84 | 91224 | 92.80837 X (88) | 10107 | 10230550 | 10842 | 107.8682 | 112414 | 14818 | 118710 | 121760 127.60 | 12690447 | 131283
[Krl5s [Krjss” [Krjadss® | [Krad'ss’ | [Krj4d’ss [Kria™ss | [Krjaa®ss® [Krjad 55 Krjdd'ss [Krjed™ [Krjad"’ss Krjad"5s” | [Krlad""55%5p [(Krlad'"5a"5p” |[Krad 5s s’ | [Krjed "5s%5p" | (Krjed 55 5p” |[Krjed *5s 5p"
41771 5.6949 6.2173 6.6339 67589 7.0924 7.1194 7.3605 7.4589 83369 7.5762 8.9938 5.7864 7.3439 8.6084 9.0097 104513 12.1298
55 ’s,, (56 s, 72 °F,|73 *F,,|T4 °0,|75 'S, |76 '0,(77 °*.,|78 °0,|79 ’s,[80 's,(81 ’F;, |82 |83 “s;,(84 °r,|85 ;|86 s,
Cs | Ba Hf a Re | Os | Ir | Pt | Au Tl Bi | Po | At
6| Ccosim Barium Hafrium | Tnism | Tungsten | Rhenum | Osmium ligum | Plainum Gold Mereury | Thallum Lead Bismuth | Polonum |  Astatine Radon
1329054520  137.327 17843 | 180.34785 | 18384 | 186207 | 190.23 | 192217 | 195.084 |196.366569 | 200582 | 204.38° 207.2 | 20898040 | (208} (210) (222)
[Xelos [xelos [Xedr578s? | DXeler “sa’8s? | [Xejei5a'6s? | [Xejdr *5a"s” | xejer '5u%s” | [xejer™sa6s? | [xelai™5d%s | xeler ‘50 6s |XeMi*5d" 8] [Hlep Halee® Halbp [HgJ6o" [Hal6p® [Holep®
3.8939 5.2117 6.8251 7.5496 7.8640 7.8335 8.4382 8.9670 8.9588 92256 10.4375 6.1083 74167 7.2855 8.414 9.31751 10.7485
87 5,(88 s, 104 °r, (105 “F,,|106 107 108 109 110 111 112 113 114 115 116 117 118
Fr | Ra Sg | Bh | Hs | Mt | Ds Cn |Uut | Fl |Uup| Lv (Uus |Uuo
7| Fancum | Radum Rutherfordium| Dubium | Seaborgium | Bohrium | Hassium | Meitnerium | Dammstadtium | Roentgerium | Capemicium | Ununtrum | Flerovium | Ununpentiam | Livermoriam | Ununsepium | Unnoctium
(223) (226) (267) (268) 2 (272) 20y (2786) (281) (280) (285) (289) (288) (293) (294) (294)
[RnlTs [Rl7s* Rolst"*6d°7s” | [Rnjs1"6a*7s° | [R5t 6" 7s*) (Rnlsf"*6d%7s%| [R5t '6d°7s"
4.0727 5.2784 6.01 6.8 7.8 7.7 76
(FSECC ot stats 57 0,|58 'c;[59 “1,|60 ‘1,|61 °H,[62 'F,|63 °s;, |64 °0;|65 ‘W.,[66 I,[67 ‘.,[68 °H,[69 ’F,|T70 's,[71 ‘D,
Number Level
J——— La | Ce [ Pr Nd |Pm | Sm | Eu |Gd [ Tb | Dy | Ho | Er | Tm | Yb | Lu
anthanum erium Neodymium | Promethium | Samarium | Europium | Gadolinum | Terbium sprosium | Holmium tbium hudium tierbium | Lufefium
symbol |98 'GS L C " Promethium | S g Gadol Terbi Dy I g Thul Yiterbi Lutel
Y 138,90547 140,118 140,907 144, 242’ (145) TSU.SGA 151,964 157,25 158,92535 162,500 164,93033 167.259 168,93422 173,054 174,9668
Ce 3| bt | ppses’ | potest | popss | pntes’ | popres’ | pl’ | pprsoss | papres | pees | ponts’ | pois | pepes | poprest | po s
Name —_| — Cerium 5.5769 55386 5473 5.5250 5.582 56437 56704 6.1498 5.8638 5.9391 6.0215 6.1077 6.1843 6.2642 54259
Standard _| —140.116 89 0,(90 °r|91 k., (92 °Li|93 "L,(94 'F (95 °s;, |96 °D;|97 °Hi,|98 °,|99 I;,[100 °H,[101 °*F;,({102 s, (103 ‘P,
2
o Belifsds Ac a | U | Np | Pu Cm | Bk | Cf s | Fm d Lr
5.5386-, Actinium Tharium Protactinium | Uranium Neptunium | Plufonium | Americium Curium Berkelium | Californium | Einsteinium | Fermium | Mendelevium | Nobelium | Lawrencium
e (227) | 2320377 | 23103588 | 23802891 | (237) (244) (243) (247) @47) (@51) 252) @7 | (258 (259) (262)
e iohizaton Rojeers’ | [Rujoc’7s’ | [Rolsreers’ | [Rajsrears” | [Rasfedrs? | [Raisfs’ | (Rels7s’ | Rupsears’ | Rapst'7s’ | [Restrst | Relst'7s’ | [Rejstrst | Rapstrst | (Restst RS 7se
Configuration  Energy (eV) 5.3802 63067 5.89 6.1941 6.2655 6.0258 59738 5.9914 6.1978 6.2817 6.3676 6.50 6.58 6.6 4.90

1Based upon "°C. () indicates the mass number of the longest-lived isotope,

*IUPAC conventional atomic weights; standard atomic weights for these
elements are expressed in intervals; see iupac.org for an explanation and values.

This Photo by Unknown Author is licensed under CC BY-SA
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