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In the following, we present some images of our participation certificates and the design of our hints

as stimulation for readers who want to develop our ideas further.
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Congratulations!

You have solved all scientific puzzles in this adventure and therefo-
re proved your ability to become a true materials scientist!

A
i
@

Are you interested?

Study in Freiberg: Materials Science in Frei-

berg:
https://tu-freiberg.de/ https://www.studycheck.de/
studium studium/werkstoffwissenschaft/

tu-freiberg-15436

Figure S1 Participation certificate including links to web domains related to studies at our

university and to an independent portal with information on the course ‘Materials Science and

Engineering’ at the TU Bergakademie Freiberg.
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Puzzle Puzzle core Application/knowledge
an e Curie temperature e Ferromagnetism breaks down above the

2 Curie temperature.
E e A metallic wire heats up when an electric
v current passes through it (Joule heating).

Tensor of the 2™
order elastic

Elastic properties of crystalline matter
depend on the crystallographic direction

constants (anisotropy).

e Anisotropic material constants are
formulated in a tensor, covering the 3D
properties.

— P, a— »— o o Unitcell e Crystalline lattices are composed of
H [wm : [mﬂ . K f101) e Miller indices repeating units: the unit cell.
& T T W e Symmetry e Directions and planes inside the unit cell
L)

J
SEAAY

are given by 3-digit numbers (vectors for
directions, Miller indices for planes).
Crystalline lattices obey highly symmetric
construction principles (involving e.g.
rotation axes, mirror planes, etc.).

Casting technology

Sand moulds are used to cast liquid metals
into specific shapes.

After solidification, the sand must be
removed to recover the metal piece.

Sample preparation
Optical microscopy

Optical microscopes reveal the internal
structure (microstructure) of a material.
Before observation, the sample must be
ground and polished to generate a mirror-
like surface free of scratches

Optical diffraction

Electromagnetic waves are diffracted at
periodic lattices (gratings) leading to
interference patterns.

The interference pattern can be used to
estimate the distance between the
scattering centres (e.g. lattice planes).

Hydrophilic and
hydrophobic
substances

Polar (hydrophilic) molecules are well
miscible with polar water molecules.
Waterproof (hydrophobic) pen colour
does not smudge when getting in contact
with water.

Optical diffraction at
interfaces

Light changes its direction at interfaces of
media having different index of refraction.
Soaked hydrogel balls have virtually the
same index of refraction as water, thus
eliminating refraction when water is
immersed between the balls.

3.5” floppy disc

A storage medium nowadays being
supported only by a few electronic
systems.

Figure S2 Take-home messages for the short variant of the game, including short descriptions of

the scientific background of the game.
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Puzzle core

Application/knowledge

Curie temperature

Ferromagnetism breaks down above the
Curie temperature.

A metallic wire heats up when an electric
current passes through it (Joule heating).

Tensor of the 2"
order elastic

Elastic properties of crystalline matter
depend on the crystallographic direction

constants (anisotropy).

e Anisotropic material constants are
formulated in a tensor, covering the 3D
properties.

e Unitcell e Crystalline lattices are composed of
e Millerindices repeating units: the unit cell.
e Symmetry e Directions and planes inside the unit cell

are given by 3-digit numbers (vectors for
directions, Miller indices for planes)
Crystalline lattices obey highly symmetric
construction principles (involving e.g.
rotation axes, mirror planes, etc.).

Casting technology

Sand moulds are used to cast liquid metals
into specific shapes

After solidification, the sand must be
removed to recover the metal piece.

Sample preparation
Optical microscopy

Optical microscopes reveal the internal
structure (microstructure) of a material.
Before observation, the sample must be
ground and polished to generate a mirror-
like surface free of scratches.

Optical diffraction
Electron diffraction

Electromagnetic waves are diffracted at
periodic lattices (gratings) leading to
interference patterns.

The interference pattern can be used to
estimate the distance between the
scatterers (lattice planes)

in single crystals, zone axis and symmetry
of the lattice determine the interference
pattern

Melting of Gallium

Gallium melts at ~30°C, slightly above
room temperature

a conventional red light lamp can be used
to melt this metal

EDX (energy
dispersive X-ray
spectroscopy)

method to determine the chemical
composition of a material

EDX spectra are used to identify and
quantify the chemical elements contained
in (technological) materials

3.5” floppy disc

A storage medium nowadays being
supported only by a few electronic
systems.

Figure S3 Take-home messages for the long variant of the game, including short descriptions of the

scientific background of the game.
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To-do list for lab assistants

Task Done
Prepare lab for pupils ‘/

Count screws

Clear tables in the seminar room

Remove cast metal from the sand form

Count rotation axes in jigsaw puzzle; what is at the
end of the highlighted direction

Identify error in the elastic constants of hexagonal
BN

Check the lattice constant of the grating for the
practical course ‘laser diffraction’ (rounded in um)
Prepare sample C47b and identify the material

Fill the Erlenmeyer flasks

Call the head of the lab

Figure S4 To-do list as ‘guidance’ through the whole escape room (short version).
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To-do list for lab assistants

Task Done
Prepare lab for pupils ‘/

Count screws

Clear tables in the seminar room

Remove cast metal from the sand form

Count rotation axes in jigsaw puzzle; what is at the
end of the highlighted direction.

Identify the error in the elastic constants of
hexagonal BN

Check the lattice constant of the grating for the
practical course ‘laser diffraction’ (rounded in um)
Prepare sample C47b and identify the material

Melt metal

Identify samples of which the EDX spectra were
taken )
Determine their density in g/cm?3 (round to 4
integer)

Assign electron diffraction patterns to the correct
image

Call the head of the lab

Figure S5 To-do list as ‘guidance’ through the whole escape room (long version).
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Below, we show our additional hints that may be provided to the players depending on their prior
education or knowledge. For secondary school pupils, we found that most of them are relevant. For
undergraduate students, almost none of them needs to be provided. For other player groups, notes
with a reduced information depth may be used/prepared. The original versions of the additional hints

are handwritten. This gives them a higher authenticity as laboratory notes.
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/ AND GETS WARM ¢
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fF* YOU PUT CURRENT : : §
THROUGH AN ELECTRICAL . 1
CONDUCTOR, [T HEATS UP.
1
¢
1 AHITHE  TOASTER PRINCIPLE!
WHATEVER! TRY AND -
TURN THE TRANSFORMATOR :
SLOWLY TO MAX. o i
REALLY? BUY THERE'S
CURRENT IN THE WIRE.
. . I THINK M SCARED..
J YOU FUST ave To USE THE
CURRENT. EVERYTHING IS %
| TOTALLY SAFE HERE. [SN'T IT...2 // i
1 i
MUST CONDLCT
CURRENT. \ QK. NO RISK, NO EUN.... !
/ AND KEEP WATCHING THE WIRE!
i
PUTS CURRENT N WIRE. il
\\ ONLY (i WIRE. j

i

How | LEARNED TO SOLVE THE SCREW PUZZLE

Figure S6 Additional hint for puzzle (1).
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Coration axes

> When an object s vokaked mr.ouw) A vokakion axts, & 1« conpvuant o iwsekf
> Fouw Jrﬁcu:m&- &ypes e’f vodation axes exass

240 20 Gl 6~fl0

> The Ubel of the ass Jefines the vobation anple, ubich i equal +o 260w
> Sucly vobation axes can be 'ﬁ:uvd n the (:r-&w of an,:&-ﬁ'

e wakenals 5

% 4

e
T

¢

Figure S7 Additional note for puzzle (2).

Jveckions c,vq:«\—a( ad-dces

> Jiveckions a«.,:«‘m((w lar&ices ave Jaigm&-u) by veckors
> Has concept i lnoun ‘fvw\ veekor n(ra.bm wn warhematics
> aq:&-a«ivw, («Hric,a,t, A—L\y, coovdinate sysdems ave sopedines nod ovA—L\ogom(

ov a,?ua( :@aau)
ww(u fov J;ffucu&

Jveckions (m a cublc :y:&—w\)-'

Figure S8 Additional note for puzzle (3).
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| Elasthic consdrands

\ > solids can f)o:fbvtvx o,(a:hmuc,, undev Yhe ackon
of ‘fch.a,: on rhem

e vquwaf) vees 'fbv the c)cﬁwm&-lou ave J(chwm&-

a(ouf Ifevent Jweckions

> wupnbers ave wed ér(aa&- veﬁﬂ,c.&- &-L\tt 6@0\@ ouv®
:-(a\ag m: c.au:rBu Yensov and oceww h a 6xb V;ww)

wm@(a, {bv L\amfom( wakevials
e b\ e equal nuvbers
// :\ 1 o | equal wu

FavOs

N

> A—L@, Yensov 1€ €
( uppev and lover &-vw\f(e, ave lc)em\-:ca()

Figure 89 Additional note for puzzle (4).
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mw\(p(a, (pvqpam&-iow

> vac,uimJ o iw:@ad- wat-evals undey the oy&-ica(
‘ Micvo:coa)e,

> :wfacn, vusy be fvouv\J f{b\J @o(isc\d
wawa (Cabotol-25

> vepove wedal v g, woist Fuvndable uu«!—k wakey,
msevy fvw) e papev, nound- (vw!-a( vinp

b tuu\-c."\ ol J&vlw, m)}uc&- o 200 vewy
vinse u«\—(v\ waev

> nou put the m(v«@(a, on Hhe fumtable and
fvw ul&‘\ :(if‘@* pressuve neav W i

Z &uvn &—L\a, mw\@(a, ’ﬁro(v\ Hne do Sine

G)VDC.&JUV(L

> 60k fviv\Jiv\f ui&—k 2400 Pape
> 20k @o(i:('\ uic\—(a\ 22000, PApev

Figure S10  Additional note for puzzle (6).
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pvackical couvse’ laser c);'fﬁmdriow

> J}fﬁmo&—iou\ v{: (V\o(v\ockmm&-ic (;fL\A— ar a 27D @uioJic fva&iv\f

:a,&-uﬁ) — K/&;\” . _ lb 0&.>,“Jrfﬁrad-{ou my(a

I

laser fm&-luf N — &.,.J;c&-ﬂv\c.a, fmc\—:vnf"mu
el b.. distance bekuean
i I Jffrackon waxina

NL\@&- ro Joz_ - ek up M@u;mc\-
~ elhpose a@@voyv;n&-e, distance do wull
~ weaswe a and b, cdeulatre angle
~ cdedare wrevplanar disrance (vound ¥o mdepar)

A N
Eo\ _ - >\ W22
T Siwx S e
nzA
Ci ‘ﬂ&‘&‘&c& C.OWE&‘KU\&‘ \I\Ii n:/\ h.;c. "‘:’l .,\.=2_
ne.. r)i'ﬁémc.«!r{on vder = T
),.,mvdaw_f&-kcf(mu “:2

Figure S11  Additional note for puzzle (7).
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’Hngoﬂ)L\i(;r_ and ‘\(iJon('\obic

loves waker ‘fmv: wakev

> L\H()vo@k;(ie. subskances Jissolve n waker
b («g,)vo@kobic substances do not dissolve

n waker
> LWJ!I@L\V((C. and k.,«)m@kobm substances

camot be wx

amor\@(a-'
~ wakev and ol ave ;w\i:cib(o,

- m&-u@voof ens Jdo ok sheav oud u‘vm "
condacd udh wader

0 Q‘%@‘; %'

Q f'} HeY OIL. LeT'S
IMMERSE INTO
THE CROWD.

SORRY, |
i CANT Mixy
IS INTHERE

HyDROPHOBIAN!

Figure S12 Additional note for puzzle (8) from the short version.
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Mﬂc&{w\ o'f (;e('\&-
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Figure S13  Additional note for puzzle (9) from the short variant.
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THE MELTING POINT OF MATERIALS

MELTING = TRANSITION FROM THE SOLID TO THE LIQUID STATE

MATERIAL ~ MELTING PONT (K] | EXPLANATION

ZN 693 | - ATOMIC VIBRATIONS IN THE LATTICE
?r‘lj ’;i? | INCREASE WITH TEMPERATURE
TA 2290 - BONDS BETWEEN ATOMS BREAK WHEN
Ma 923 VIBRATIONS GET TOO LARGE
GA 303 | (ENTHALPY OF FORMATION IS EXCEEDED)
SN 505 - M
| Mo 289 ATERIAL MELTS
| AL 933
Pe 601
BRASS 1173 ..1323
304 STEEL 1720 ... 1790 ' MELTING TEMPERATURE
W 3695 ‘ (BOND ENERGY ,
C-STEEL ~ 1800 | ~ {MASS OF ATOMS
{ _ | KINETIC ENERGY TO SEPARATE
~~~~~~~~~~~ : AN , ATOMS
& E 2 S .3 %
/\,\é s \[@Mﬁ""l‘“"‘g:{w /W‘@7V¢¢-:3@ﬁ ﬁ;&ﬂ
AAA, -’\./‘\A,\,»,\S /\/‘NVV\/ ; 1’/ R 3 F< ) o
e ot ek W
: s é N LIRS @
Sanaoy DS L T .
g W 3 S
"‘é %ﬁ(‘/\l\l\/\/‘/\/‘(" 1 LA 2\/\/\ /\/‘/\ ';\N > ™ 2 :
ANAMAANAE - ‘A/‘-":/'L Ay = % l»r
3 %\ E : 2 :leém‘(
W@Wn/w Win, %' \-\;r\;\!\’ ey ﬁ:‘/f” \\@\ v
< ¢ -; ,,:’::_ &: ; ;
VIBRATIONS BREAKING BONDS ‘ MELT
T

[S THE NEXT HINT BURIED IN ONE OF THE METALS2

Figure S14  Additional note for puzzle (10) from the long variant.
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Figure S15  Additional note for puzzles (11) and (12) from the long variant
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Figure S16  Additional note for puzzle (13) from the long variant



